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ABSTRACT 

The  climate,  geology,  soils,  and  vegetation 

are  included  in  a  description  of  two  small  wa- 
tersheds characteristic  of  the  high-elevation 

aspen  type  of  northern  Utah.  Precipitation, 

soil-water  use,  evapotranspiration,  and  quan- 
tity and  quality  of  streamflow  on  these  rela- 

tively undisturbed  catchments  are  graphically 
illustrated  and  discussed.  These  data  permit 
pretreatment  calibration  of  these  watersheds. 
This  thorough  inventory  will  allow  a  sensitive, 
multiresource  analysis  of  planned  treatments. 

The  use  of  trade,  firm,  or  corporation 

names  in  this  publication  is  for  the  informa- 
tion and  convenience  of  the  reader.  Such  use 

does  not  constitute  an  official  endorsement  or 

approval  by  the  U.S.  Department  of  Agri- 
culture of  any  product  or  service  to  the  exclu- 

sion of  others  which  may  be  suitable. 
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RESEARCH  INSTALLATIONS 

<>     Streamgaging  Station 
a      Climatic  Station 

»      Precipitation  Intensity  Gage 

•      Precipitation  Storage  Gage 
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Figure  1.  —  The  Farmington  Canyon  drainage  and 
Chicken  Creek  watersheds. 

In 

evi 
ter 
or; 

an( 

dii val 

ver 

IV 



INTRODUCTION 

The  Davis  County  Experimental  Watershed 
(DCEW)  was  established  in  1930  as  a  USDA 
Forest  Service  administered  research  area, 

dedicated  to  the  study  of  the  causes  and  pre- 
vention of  erosion  and  floods  originating  from 

mountain  watersheds.  The  area  consists  of 

18,000  acres  of  mountain  lands,  ranging  in 
elevation  from  4,500  to  9,200  feet  in  the 

Wasatch  Range  of  north-central  Utah.  More 
recently,  considerable  research  has  been  de- 

voted to  the  evaluation  of  vegetation  influ- 
ences on  water  yields  (Croft  and  Monninger 

1953;  Tew  1969;  Johnston  and  others  1969; 
Johnston  1970).  These  studies  have  shown 
that  substantial  reductions  in  soil  water  loss 

can  be  realized,  if  tree  and  brush  species  are 
removed  from  the  sites  that  have  deep  soils. 
The  scope  of  these  studies  has  been  restricted 
to  small  plots.  Logical  succession  dictates  that 
these  results  be  tested  on  larger  areas,  such  as 

entire  watersheds,  to  provide  a  better  evalua- 
tion of  treatments  in  terms  of  actual  manage- 
ment conditions. 

The  two  watersheds  described  in  this 

paper,  the  East  Branch  and  West  Branch  of 
Chicken  Creek,  are  located  in  the  headwaters 

of  Farmington  Canyon  (fig.  1).  These  two 
watersheds  have  been  completely  protected 
from  both  fire  and  livestock  grazing  for  nearly 

40  years.  Initial  study  of  the  hydrologic  re- 
sponse of  the  watersheds  began  in  1952  and 

continued  intermittently  until  the  present. 
Streamflow  was  measured  on  both  watersheds 

from  1952  to  1958  using  90°  "V"  notch 
weirs.  Measurements  of  air  temperature  and 
precipitation  were  taken  from  1956  to  1959. 

In  1962  a  U.S.  Weather  Bureau  class  "A"  pan 
evaporation  station  was  installed  on  each  wa- 

tershed as  part  of  a  cooperative  study  of  evap- 
oration rates  in  mountainous  terrain  (Peck 

and  Pfankuch  1964;  Peck  1967).  Although 
discontinuous,  these  past  records  provided 

valuable  data  for  the  present  hydrologic  in- 
ventory. 

In  1965,  "H"  type  flumes  equipped  with 
heating  devices  were  installed  near  the  mouth 
of  each  watershed  (Doty  and  Johnston  1967). 

A  network  of  precipitation  gages  was  estab- 
lished and  soil  moisture  measurements  were 

begun  on  plots  in  the  meadow,  under  mature 
aspen,  and  on  areas  clearcut  of  aspen,  using 
neutron  measuring  techniques.  In  succeeding 

years,  seismic,  soil,  and  vegetation  inventories 
were  completed. 

This  report  summarizes  the  data  collected 
during  the  pretreatment  hydrologic  inventory 
of  these  watersheds.  The  information  will  be 

used  to  prescribe  a  vegetation  treatment  and 
to  designate  the  areas  to  be  treated  to  increase 
water  yield;  the  primary  considerations  are  to 

preserve  water  quality  and  obtain  a  high  de- 
gree of  protection  against  erosion.  The  data 

will  also  provide  a  measure  for  evaluating  the 
changes  that  occur  as  a  result  of  treatment. 

Finally,  the  report  furnishes  the  most  com- 
plete description  available  of  a  natural  catch- 

ment in  the  Wasatch  Mountains  and  thus 
serves  as  valuable  reference  material  for  land 

managers. 

General  Characteristics 
The  East  and  West  Branches  of  Chicken 

Creek  are  small,  adjacent  watersheds  (137  and 
217  acres,  respectively).  They  generally  have 

northwest  aspects,  and  lie  within  the  7,500- 
to  8,400-foot  elevation  zone  (table  1  and  fig. 2). 

The  side  slopes  of  both  watersheds  are  rela- 
tively gentle  and  have  gradients  ranging  from 

12  to  45  percent.  A  gently  sloping  meadow 
occupies  the  bottom  of  each  drainage  and  a 
comparatively  subdued  ridge  forms  the 
boundary  between  the  two  drainages.  These 

landforms  are  considered  to  be  relatively  "old 
surfaces"  according  to  recent  geologic  papers 
(Bell  1952). 
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Figure  2.  —  Topographic  map.  Chicken  Creek  watersheds. 



Table  1.  —  Characteristics  of  the  Chicken  Creek  watersheds' 

East  West 

tern                                    Unit  of  Measure                                    Branch  Branch 

^ea   Acres                                                        137  217 

  Square  miles                                                0.214  0.341 

elevation 

Minimum   Feet                                                      7,540  7,550 

Maximum   Feet                                                      8,240  8,396 

Aspect                                                                                             NW  NW 

Slope   Average  percent                                       24.0  19.5 

Jtream  channel 

Length   Feet                                                      2,494  4,209 

Elevation  range   Feet                                                         200  300 

Density   Miles  per  square  mile                                 2.19  2.34 

^The  drainage  system  of  both  watersheds  consists  of  a  single  well-defined  main  channel,  with  several, 
generally  poorly  developed,  side  branches  that  furnish  only  intermittent  flows. 



CLIMATE 

The  climate  of  the  two  watersheds  com- 

prising the  study  area  is  generally  representa- 
tive  of  large  areas  of  midelevation 

(7,000-8,000  ft.)  mountain  country  in  the 
Intermountain  region.  Winter  weather  pat- 

terns are  primarily  influenced  by  frontal 

systems  moving  in  from  the  Pacific  North- 
west. For  6  months  of  the  year  (November- 

April),  winter  prevails,  and  average  monthly 
temperatures  are  uniformly  below  30  degrees; 
however,  periods  of  subzero  temperatures  are 
both  infrequent  and  of  short  duration.  Heavy 
snowfall  accounts  for  about  80  percent  of  the 
yearly  precipitation.  Summers  are  short,  cool, 
and  dry.  Most  summer  storms  are  convective 

thunderstorms,  although  a  few  are  associated 

with  vv^eak  fronts  moving  eastward  from  the 
Pacific.  Prevailing  winds  are  from  the  south 
and  southwest  carrying  summer  moisture 
aloft  from  the  Gulf  of  Mexico. 

As  in  most  of  the  Intermountain  region, 

aspect  greatly  influences  the  study  area's 
climate  by  affecting  radiation,  temperature, 
wind,  and  moisture  regimes.  Response  to 
these  influences  is  markedly  reflected  in  the 
local  vegetation  patterns. 

A  climatic  station  was  established  on  the 

West  Branch  watershed  (fig.  2)  in  May  1971. 

Total  and  net  radiation,  air  temperature,  rela- 
tive humidity,  wind  direction,  and  windspeed 

at  two  elevations  are  being  continuously  re- 
corded. 

Precipitation 
The  precipitation  network  on  the  two 

study  watersheds  consists  of  one  recording  in- 
tensity gage,  three  storage  gages,  and  two  addi- 
tional intensity  gages  used  only  during  the 

summer  months.  Storage  gages  have  been  in 
use    since    1956,    except    for    the    years 

1960-1962.  Summer  intensity  records  are 
available  for  1962  and  from  1964  and 

thereafter.  The  network  is  supplemented  by 

long-term  (up  to  30  years)  summer  intensity 
records  from  14  nearby  stations  at  elevations 
ranging  from  4,350  to  9,000  feet  on  the 
DCEW  and  from  two  additional  storage  gages 

at  6,800  and  7,500  feet  elevation  in  the  Farm- 
ington  Creek  drainage  where  the  study  water- 

sheds are  located. 

Average  yearly  precipitation  on  the  study 
watersheds  is  45  inches,  and,  as  noted  earlier, 

80  percent  of  this  occurs  as  snow.  The  month- 
ly distribution  of  precipitation  is  presented  in 

figure  3.  The  June-through-September  period 
is  the  driest  of  the  year,  and  a  9-year  average 

for  this  period  was  only  5.06  inches.  How- 
ever, summer  rainfall  is  quite  variable,  ranging 

from  1.01  to  12.82  inches  per  year.  Converse- 
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Figure  3.  —Distribution   of  average  monthly 
precipitation,  1956-1959. 
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ly,  winter  precipitation  is  very  uniform;  the 

average  precipitation  varies  only  one-half  inch 
per  month  during  the  December-through- 
April  period. 

Farmer  and  Fletcher  (1971)  completed  a 
detailed  analysis  of  all  intensity  gage  records 
obtained  from  DCEW  through  1968;  at  some 

stations,  this  included  up  to  30  years  of  rec- 
ords. These  records  gave  evidence  that  most 

summer  storms  are  of  less  than  6  hours  dura- 
tion and  that  intensity  generally  decreases 

with  elevation.  Also,  the  records  revealed  that 

total  rainfall  at  DCEW  is  generally  highest  in 

the  upper  reaches  of  Farmington  Canyon 
from  about  6,000  to  8,000  feet  elevation, 
which  includes  our  study  watersheds,  the  East 
Branch  aiid  West  Branch  of  Chicken  Creek. 

Figure  4  shows  the  probable  recurrence  inter- 
val for  various  storm  intensities  that  range  2 

minutes  to  6  hours  in  duration  (Farmer  and 
Fletcher  1971).  For  example,  a  storm  having 

a  maximum  5-minute  intensity  of  3.7  inches 
per  hour  has  a  probable  recurrence  interval  of 

10  years;  a  storm  having  a  maximum  5-minute 
intensity  of  6  inches  per  hour  has  a  recurrence 
interval  of  50  years. 

During  the  entire  period  of  record  on  our 

study  watersheds,  the  maximum  5-minute  in- 
tensity recorded  was  2.04  inches  per  hour. 

A  snow  course  has  been  maintained  at 

7,600  feet  elevation  on  the  West  Branch  wa- 

tershed since  1967.  During  the  period  of  rec- 
ord, the  average  snow  depth  for  April  1  was 

53.3  inches  and  the  average  water  content  for 
that  same  date  was  18.6  inches.  Two  addition- 

al snow  courses.  Lower  and  Upper  Fai'ming- 
ton  Canyon,  have  been  maintained  in  cooper- 

ation with  the  Soil  Conservation  Service  since -1  20 

RECURRENCE  INTERVAL  (Years) 

Figure  4.  —Recurrence  intervals  of  summer  storms  of  various  intensities  and  durations  ranging 
from  2  to  360  minutes.  Curves  are  representative  of  that  precipitation  zone  which  includes 
the  upper  Farmington  Creek  drainage. 



1951  at  elevations  of  6,950  and  8,000  feet. 
The  18-year  average  for  April  1  water  content 
at  these  snow  courses  is  23  and  28  inches,  re- 
spectively. 

Air  Temperature 
Temperature  records  on  the  two  study  wa- 

tersheds were  maintained  from  1956  to  1959 

and  during  the  summer  of  1962.  Winter  rec- 
ords were  sporadic,  but  missing  records  were 

estimated  by  using  the  equation  (Y=1.059  X  - 
4.279,  with  R2=0.96)  derived  from  the  ex- 

cellent 32-yecir  record  at  Rice  Climatic  Sta- 
tion, located  at  6,900  feet  elevation  in  Farm- 

ington  Canyon. 
The  mean  annual  temperature  at  Chicken 

Creek  was  a  cool  36.6°  F.,  and  extreme  tem- 
peratures ranged  from  -  20°  to  88°  F.  Periods 

of  subzero  temperatures  were  infrequent  and 

usually  brief.  The  mean  July-through-Septem- 
ber temperatures  were  consistently  in  the  up- 

per 50's,  and  mean  November-through-April 
temperatures  varied  from  20°  to  25°  F.  (fig.  5). 
Below  freezing  temperatures  have  occurred  in 
every  month  of  the  year  at  some  time  during 

the  period  of  record. 

Additional  Climatic 
Measurements 

A  climatic  station  was  established  on  the 
West  Branch  watershed  in  June  1971.  Param- 

eters being  recorded  are:  total  and  net  radi- 
ation; windspeed  at  two  elevations;  wind  di- 

rection; air  temperature;  and  relative  humid- 
ity. These  data  will  be  used  to  determine  ener- 
gy budget  and  potential  evapotranspiration 

relations  for  the  area. 
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Figure  5.  —Mean  monthly  temperature  and  observed  maximum  and 
minimum  temperatures  for  the  periods  1956-1959  and  1962. 



Geology 
Geologically,  the  Wasatch  Mountains  east 

of  Farmington  are  very  complex;  they  show 
evidence  of  folding,  major  and  minor  faulting, 
uplift,  and  multiple  erosion  cycles.  Bell 

(1952)  describes  the  area  as  ".  .  .  essentially  a 
composite  series  of  north-northwest  trending 

fault  blocks  bounded  by  normal  faults."  The 
two  study  watersheds  lie  between  the  Wasatch 

Fault's  main  crest  (which  overlooks  Great  Salt 
Lake)  and  a  subsidiary  crest  which  forms  the 
northeastern  boundary  of  these  watersheds. 

The  underlying  bedrock  is  a  complex  series 
of  igneous,  metamorphic,  and  sedimentary 
rocks.  Scattered  remnants  of  a  coarse  tertiary 
conglomerate  (Knight  formation)  occur  in  the 
lower  portions  of  the  area  and  also  to  the 
west  of  the  watershed  boundary.  These  rocks 

consist  of  a  series  of  interbedded,  reddish- 
colored  shales,  siltstones,  sandstones,  and  con- 

glomerates. The  most  prevalent  rock  types  are 

metamorphic  gneiss  and  schistose  families  in- 
truded by  relatively  narrow  bands  of  pegma- 

tites. Migmatites  (composite  gneiss)  and 
greenstone  schists  are  also  abundant.  Finally, 

outcroppings  of  Pre-Cambrian  quartz  are  ap- 
parent on  the  ridge  crests.  Some  of  the  more 

common  mineral  constituents  include:  feld- 

spars (dominantly  plagioclase),  quartz,  mus- 
covite,  chlorite,  biotite,  epidote,  and 
actinolite. 

Seismic  Survey 
A  shallow-depth  seismic  survey  was  com- 

pleted for  the  study  areas  using  an  MD-3  seis- 
mograph (Soiltest,  Inc.).  The  survey  consisted 

of  226  systematically  located  transects,  each 
120  to  150  feet  in  length,  which  provided 
subsurface  information  to  a  depth  of  40  to  50 
feet. 

Careful  correlation  of  the  seismic  data  with 
the  information  obtained  from  test  holes  and 

other  known  surface  and  subsurface  charac- 
teristics provides  a  wealth  of  geologic  and 

hydrologic  information  such  as:  thickness  and 

depth  of  subsurface  layers,  hardness,  weather- 
ing, stratification,  fracturing,  faulting,  and  dip 

angle  of  strata. 
An  isopach  map  of  subsurface  depths  (page 

48)  was  prepared  to  aid  in  planning  a  water- 
shed treatment  that  would  offer  the  greatest 

potential  for  increasing  water  yields.  This  map 
indicates  the  depth  of  low  velocity  (700  to 

1,600  feet  per  second  (f.p.s.),  loosely  consoli- 
dated surface  material.  This  surface  layer  is 

generally  quite  deep  on  both  watersheds,  with 
only  small  scattered  areas  less  than  5  feet 

deep  in  the  West  Branch. 
The  isopach  map  indicates  that  the  depth 

of  the  low-velocity,  surface-soil  layer  along 
the  eastern  ridge  ranges  from  5  to  10  feet  and 
occasionally  down  to  15  feet  in  the  saddles. 

In  this  case,  information  from  the  surface 
soils  is  lost  because  of  their  very  shallow 

depths  and  the  very  similar  velocities  of  the 
soil  material  and  the  dry,  strongly  weathered 
and  fractured  underlying  gneiss.  From  the 
standpoint  of  water  movement  and  storage, 

this  soil-rock  complex  may  be  considered 
quite  deep. 

It  was  not  possible  to  calculate  second  lay- 
er soil  depths  for  more  than  a  quarter  of  the 

transect  lines;  thus,  there  axe  probably  too 
few  depths  to  plot  an  accurate  isopach  map  of 
the  second  layer.  A  plot  of  equal  velocity 
lines  and  available  depth  information  is  shown 
on  page  49.  With  few  exceptions,  the  second 

layer  is  greater  than  20  feet  deep  and  is  com- 
posed of  fairly  low  velocity  material  in  the 

3,000  to  5,000  f.p.s.  range.  This  layer  is  either 

wet  or  compacted  alluvial  material  in  the  val- 
ley bottoms  or  it  is  deeply  weathered  gneiss 

and  schistose  parent  material  on   the  ridges 



and  side  slopes.  We  can  assume  that  second 
layer  depths  exceed  40  feet  where  the  depth 

is  not  indicated.  Several  "ridges"  of  high 
velocity  (8,000  to  9,000  f.p.s.),  unweathered 
material  are  present  along  the  bottoms  of 
both  watersheds.  The  velocity  of  the  third 

layer  ranged  from  9,000  to  20,000  f.p.s.,  indi- 
cating consolidated  granitic  and  unweathered 

gneiss. 

Soils 
Soils  on  the  two  study  watersheds  were 

described  and  mapped  in  a  medium  intensity 
survey  which  defined  11  soil  mapping  units 
shown  on  page  52.  No  attempt  was  made  to 

place  soils  in  established  series.  Soil  profile  de- 
scriptions are  presented  in  the  Appendix,  and 

laboratory  analysis  of  the  soils  is  presented  in 
table  7  of  the  Appendix. 

A  wide  variety  of  soils  is  found  on  the  two 

study  watersheds.  They  range  from  very  deep 
loamy  alluvial  soils  in  the  valley  bottoms  (unit 

16)  to  very  deep  clayey  soils  in  coUuvium  on 
side   slopes   (unit    13)    and   shallow   gravelly 

loam  on  the  ridges  (unit  10).  Soils  developing 

from  the  metamorphic  rocks  range  from  me- 
dium texture  to  moderately  fine  texture, 

while  those  developing  from  sedimentary  ma- 
terial range  from  moderately  fine  texture  to 

fine  texture.  Generally,  the  soils  are  deep  and 

have  good  moisture-holding  capacities,  except 
on  the  ridges. 

Soil  units  12  and  13  comprise  nearly  55 
percent  of  the  soils  on  both  watersheds  (table 
2).  These  soils  are  very  deep  loamy  and  very 

deep  clayey  soils,  respectively,  developed  in 
colluvium  on  the  side  slopes.  Soil  unit  21 

comprises  15  percent  of  the  total  area,  but  oc-  I 
curs  mostly  in  the  West  Branch.  This  is  a  very 
deep  loamy  soil  found  on  the  side  slopes  in 
the  lower  part  of  the  watershed,  but  differs 

from  unit  12  in  that  the  parent  material  is  silt- 
stone  and  shale  instead  of  the  mixed  meta- 

morphic pairent  material  of  unit  12.  Soil  unit 

16,  the  fourth  largest,  is  a  very  deep  loam  de- 
veloping on  alluvial  material  in  the  bottom  of 

both  drainages. 

The  descriptive  depths  refer  to  the  pedo- 
logical  development  and  do  not  necessarily  re- 

flect the  hydrologic  behavior  or  water-holding 
characteristics   of   the   area.   The   ridge   soils 

Table  2.  -  -  A  comparison  of  the  size  and  occurrence  of  the  various  soil  mapping  units  on  the 
Chicken  Creek  Watersheds 

Total  size 

Percent  of  watershed  areas 

exhibiting  each  soil  unit 

Soil  unit (both  watersheds) East  Branch West  Branchd 

Acres 1 
10 16.15 6.7 

3.2 11 31.93 13.6 

6.1 12 113.12 
40.4 26.5 

13 80.78 20.3 
24.3 

14 9.32 
3.3 

2.2 
16 33.68 7.4 10.8 

18 4.80 - 2.2 
19 2.62 — 

1.2 20 8.93 — 4.1 
21 51.48 8.3 18.4 

22 2.19 ~ 1.0 



(unit  10)  are  shallow,  but  the  water-holding 
capacity  of  that  zone  is  quite  high  because  of 

a  deep  zone  of  fractured  and  weathered  par- 
ent material. 

All  soils  were  considered  well-drained  ex- 
cept units  16  and  18,  which  were  classified  as 

moderate  to  imperfectly  drained  and  poorly 
drained,  respectively.  Most  soils  were  rated 

"C"  in  the  hydrologic  soil  group  classification 

(Soil  Conservation  Service)  which  is  described 

as  ranging  from  silty  to  silty  clay  loam  having 
restricted  permeability.  Only  the  ridge  soils 

(unit  10)  were  rated  ''A,"  fairly  light  soils  of- 
fering minimum  restriction  to  downward  wa- 

ter movement,  while  the  poorly  drained  soils 

in  unit  18  were  rated  "D.''  All  soils  were 
judged  to  have  a  moderate  inherent  erosion 
hazard. 



VEGETATION 

The  early  history  (1847  to  1930)  of  land 

use  along  the  Wasatch  Front  is  marked  by  log- 
ging, fire,  and  severe  overgrazing.  Timber 

stands  v^^ere  depleted,  regeneration  was  sup- 
pressed, and  meadow  and  understory  grasses 

and  forbs  were  depleted  (fig.  6).  Mud-rock 
floods  originated  on  denuded  mountain  slopes 
and  meadows  during  high  intensity  summer 
rainstorms.  Since  its  inclusion  in  the  National 

Forest  System  in  1933,  the  DCEW  has  been 
completely  protected  from  logging,  fire,  and 

grazing  by  domestic  livestock.  In  addition,  in- 

tensive watershed  restoration  practices,  in- 
cluding contour  furrowing  and  reseeding, 

were  applied  to  flood-source  areas  which  in- 
cluded the  stream  bottoms  and  lower  side 

slopes  of  both  study  watersheds  of  Chicken 
Creek.  The  areas  that  were  contour  furrowed 

are  generally  defined  on  the  soils  map  (page 

52)  by  soil  type  16  and  some  of  the  adjacent 
areas;  the  furrowed  areas  comprised  about  15 
percent  of  both  watersheds.  Most  of  the 

treated  area  remains  in  grass  and  brush  vegeta- 
tion, but  some  furrows  can  be  seen  in  the  low- 

Figure  6.  —  An  aspen  stand  that  has  been  logged  and  heavily  grazed.  Forage  is  depleted,  aspen 
regeneration  is  suppressed,  and  the  exposed  soil  presents  a  serious  erosion  hazard.  Photo- 

graphed during  the  era  of  severe  land  abuse,  circa  1930. 
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er  aspen  clones  which  suggests  that  these 
clones  expanded  following  treatment.  Today, 
understory  vegetation  and  litter  cover  54  to 

90  percent  of  the  ground  and  natural  repro- 
duction has  largely  stocked  the  forest. 

Twenty-eight  specific  vegetation  types 
were  delineated  in  the  original  survey.  These 
have  been  broadly  grouped  into  seven  major 

classifications  (page  53).  It  should  be  recog- 
nized that  many  variations  in  both  species  and 

composition  exist  within  these  broad  groups. 

For  example,  the  grass-forb  type  along  the 
ridge  is  quite  different  from  that  along  the 

stream  bottom.  Aspen,  and  the  lush  under- 
story of  grasses  and  forbs,  covers  more  than 

60  percent  of  both  watersheds  (table  3).  Near 

the  ridgetops,  aspen  gives  way  to  a  sagebrush- 
grass  type  and  finally  to  a  narrow  band  of 
grasses  and  forbs  near  the  crests.  A  second 

band  of  the  grass-forb  type  generally  follows 
the  stream  bottoms  of  the  two  watersheds, 

changing  occasionally  to  a  wet-meadow  type. 
Small  areas  of  mountain  brush  (snowberry, 

chokecherry,  and  serviceberry)'  are  scattered 
throughout  the  watersheds,  each  of  which  has 

one  small  area  of  conifers  (Douglas-fir  and 
subalpine  fir). 

Timber  stands  on  the  study  area  have  lit- 
tle or  no  commercial  value  because  of  their 

generally  poor  form  and  a  lack  of  a  suitable 
market. 

Aspen 

^  The  common  and  scientific  names  of  all  species 
identified  on  the  watersheds  arc  listed  on  pages  43 
and  44. 

The  aspen  type  (fig.  7)  occupies  more  than 
60  percent  of  each  of  the  two  watersheds  and 
is  found  throughout  except  along  the  stream 

bottoms  and  the  ridgetops.  The  aspen  general- 
ly have  poor  form  and  show  a  fairly  high  in- 

cidence of  canker  and  heart  rot,  although 

these  characteristics  vary  considerably  be- 
tween clones.  Average  age  of  the  aspen  is  32 

years  although  a  few  individual  trees  are  in 

the  70-  to  80-year-old  class.  Average  diameter 
(d.b.h.)  is  4.2  inches  and  the  average  height  is 
23  feet.  Basal  airea  varies  from  20  to  140 

square  feet  per  acre  and  the  average  is  82.  A 

lush  understory  of  forbs  and  grasses  is  cheirac- 
teristic  of  these  aspen  stands.  Some  of  the 

more  prevalent  associated  species  are:  Cali- 
fornia brome;  western  wheatgrass,  rye  grass, 

bluebell,  sweetpea,  and  false  hellebore. 

Grass-Forb 
The  grass-forb  type  (fig.  8)  occupies  12  to 

13  percent  of  each  of  the  two  watersheds  and 

Table  3.  —  Vegetation  types  of  the  Chicken  Creek  watersheds.  A  comparison  of  their  extent  on 
each  watershed  and  ground  cover  conditions  on  both  watersheds 

Percent area 
Average  \ 

ground  cover  on both  watersheds 

Vegetation East West 

type Branch Branch Vegetation Litter Bare Rock 

______  Piyynoiif 

Aspen 63.1 66.0 71.2 
18.7 10.1 0 

Grass-forb 11.6 13.4 51.4 11.4 24.6 12.6 

Mountain  brush 7.0 10.6 64.1 6.3 23.3 
6.4 

Sagebrush 15.1 4.4 49.4 
4.5 19.1 

26.5 

Conifer 2.4 3.6 48.5 34.5 16.5 
0.5 

Wet  meadow 0.8 
2.0 82.0 9.3 

8.2 0.5 
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Figure  7.  —Aspen  community.  Chicken  Creek  watersheds. 

Figure  8.  —  Grass-forb  community.  Chicken  Creek  watersheds. 
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occurs  mostly  along  the  stream  bottoms  and 
along  the  ridges.  Vegetation  cover  averages  51 
percent,  but  varies  from  35  to  73  percent.  Up 
to  44  percent  bare  ground  may  be  found  in 
some  areas.  Major  species  include:  California 

brome,  smooth  brome,  orchard  grass,  Ken- 
tucky bluegrass,  June  grass,  bluebell,  sweet- 

pea,  goldenrod,  aster,  lupine,  false  hellebore, 

wyethia,  tarweed,  and  catchvi^eed. 

Mountain  Brush 

Small  patches  of  mountain  brush  (fig.  9) 
are  scattered  throughout  both  study  areas, 

but  the  brush  is  more  prevalent  on  the  south- 
west-facing side  slopes  above  the  stream  bot- 

toms. This  type  occupies  7  percent  of  the 
East  Branch  and  11  percent  of  the  West 
Branch,  and  the  stands  are  quite  dense  and 
difficult  to  penetrate.  Vegetation  and  litter 
cover  nearly  70  percent  of  the  ground.  The 

major  brush  species  are  chokecherry,  snow- 
berry,  and  serviceberry.  Other  associated  spe- 

cies are:  tarweed,  California  brome,  pepper- 
weed,  bluebell,  aster,  wyethia,  and  eriogonum. 

Sagebrush -Grdss 
The  sagebrush  type  (fig.  10)  is  largely  re- 

stricted to  a  narrow  band  between  the  aspen 
and  the  ridge  line;  the  sagebrush  type  occurs 
on  15  percent  of  the  East  Branch  but  on  only 

4  percent  of  the  West  Branch.  Although  vege- 
tation covers  about  50  percent  of  the  ground 

on  both  watersheds,  the  percent  of  litter  for 

sagebrush  is  the  lowest  of  any  of  the  six  vege- 
tation types.  Sagebrush  has  a  higher  percent 

of  rock  (25%)  and  rock-bare  ground  combina- 
tion (45%)  than  any  other  type.  Common  as- 

sociates in  this  type  are:  snowberry,  manzan- 
ita,  wild  rose,  rabbitbrush,  buckwheat,  aster, 

paintbrush,  gereuiium,  lupine,  June  grass,  Cali- 
fornia brome,  and  Western  wheatgrass. 

Wet  Meadow 

The  wet  meadow  (fig.  11)  is  a  very  small 
but  distinctive  vegetation  type  that  occupies 

only  0.8  percent  and  2  percent  of  the  East 
and  West  Branches,  respectively.  Where  this 

<aifi 

Figure  9.  —Mountain  brush  community.  Chicken  Creek  watersheds. 
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Figure  10.  -  Sagebrush -grass  community.  Chicken  Creek  Watershe
ds 

Figure  11.  —  Wet  meadow  community.  Chicken  Creek  watersheds. 
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Figure  12.  —Conifer  community.  Chicken  Creek  watersheds. 

type  occurs,  more  thcUi  90  percent  of  the 
ground  is  covered  by  vegetation  and  litter. 
The  dominant  species  in  the  wet  meadow 
type  are  sedges  and  rushes,  thinleaf  alder, 
monkey  flower,  bluegrass,  cow  parsnip,  false 
hellebore,  and  sphagnum. 

Conifer 
The  conifer  type  (fig.   12)  occupies  only 

about  3  percent  of  the  two  study  areas  com- 

bined and  is  generally  restricted  to  one  north- 
east-facing slope  of  each  watershed.  The 

stands  are  composed  of  Douglas-fir,  subalpine 
fir,  and  white  fir,  which  have  an  average  basal 

area  of  160  square  feet  per  acre  and  maxi- 
mum tree  height  of  82  feet.  In  this  type,  litter 

is  both  deep  and  well  dispersed,  accounting 

for  35  percent  of  the  ground  cover.  Under- 
story  vegetation  includes:  snowberry,  aster, 
sweetroot,  meadow  rue,  and  vallerian. 
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WILDLIFE 

No  studies  or  inventories  of  wildlife  have 
been  made  on  the  two  study  watersheds,  but 
several  comments  based  on  general  observa- 

tions seem  appropriate. 

The  two  watersheds  serve  as  summer  range 
for  an  unknown  number  of  mule  deer.  Hunt- 

ing pressure  is  heavy,  primarily  due  to  the  ac- 
cessibility of  the  area  and  the  close  proximity 

to  high  population  areas  along  the  Wasatch 
Front.  Winter  range  of  these  animals  is  restric- 

ted to  the  lower  elevations  both  to  the  east 
and  west  of  the  watersheds. 

Beaver  are  quite  active  throughout  the 
Farmington  Canyon  drainage.  There  are  many 
small  dams  and  three  active  lodges,  one  on  the 
East  Branch  and  two  on  the  West  Branch. 

These  dams  have  a  profound  effect  on  sedi- 
ment measurements  by  alternately  trapping 

and  then  suddenly  releasing  prodigious 
amounts  of  these  materials  when  dams  fail. 

Any  increased  sediment  caused  by  the  recom- 
mended treatments  of  this  study  probably 

will  be  too  small  to  be  detected. 

No  trout  have  been  found  above  the 

stream-gaging  stations;  this  is  probably  due  to 
the  very  low  summer  flows  and  associated 
high-water  temperatures.  Trout  are  regularly 
stocked  in  lower  Farmington  Creek  and  fish- 

ing pressure  in  the  accessible  reaches  is  fairly 
heavy  for  such  a  small  stream. 

Pocket  gophers  are  among  the  more  com- 
monly observed  rodents  inhabiting  the  two 

watersheds.  Their  presence  is  marked  by  the 

many  tunnel  castings  remaining  after  snow- 
melt  and  the  freshly  turned  mounds  of  earth. 
Past  research  has  indicated  that  if  the  aspen 
overstory  is  removed,  pocket  gophers  may 
seriously  deplete  the  remaining  plant  cover 
(Marston  and  Julander  1961). 

Our  study  contains  few  observations  on 
the  bird  populations  of  the  area.  Ruffed 
grouse  and  red-tailed  hawks  are  known  to  be 
resident,  and  bald  and  golden  eagles  have  been 
observed  in  winter. 

A  more  precise  inventory  of  the  wildlife  of 
the  area  is  needed  to  measure  the  impact  of 
our  proposed  treatment  on  this  resource. 
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Soil  MoivSture 

Soil  moisture  has  been  measured  over  a 

period  of  5  years  at  five  sites  and  6  years  at  an 
additional  site.  These  sites  on  the  two  study 

watersheds  represent  four  soil  units  (12,  16, 
20,  21)  and  include  measurements  under 
three  vegetation  types  (mature  aspen,  aspen 

sprouts,  and  grass-forb).  Measurements  were 
made  to  a  depth  of  6  feet,  using  a  neutron 
moisture  probe. 

Although  late  fall  rains  do  contribute  to 
soil  water  recheirge,  most  recharge  occurs  in 
the  late  spring  as  a  result  of  snowmelt.  The 
soil  mantle  is  fully  recharged  at  the  end  of  the 
snowmelt  period  which  may  occur  anytime 
between  early  May  and  the  middle  of  June. 

There  is  evidence  indicating  that  soil  mois- 
ture withdrawal  begins  early  in  the  spring 

when  the  snowpack  may  be  several  feet  deep. 
This  withdrawal  is  difficult  to  assess  since  it  is 

masked  by  snowmelt  recharge.  However,  it  is 

known  that  measurable  depletion  begins  im- 
mediately after  snowmelt  auid  continues  to  in- 

crease at  a  rapid  rate  into  July.  Withdrawal 
rates  are  greatest  in  the  surface  3  feet,  the 
area  of  highest  root  concentrations.  As  the 

growing  season  progresses  and  potential  evap- 
otranspiration  increases,  the  actual  evapo- 
transpiration  losses  are  limited  by  soil  mois- 

ture availability.  As  the  surface  soils  dry,  the 
percent  withdrawal  from  the  deeper  soil  levels 
increases  and  is  restricted  to  removal  by 

deep-rooted  brush  and  tree  species. 
Summer  rainfall  is  only  a  small  portion  of 

the  annual  precipitation.  These  summer 
storms  seldom  recharge  more  than  the  surface 

few  inches  of  soil,  eind  this  moisture  is  quickly 
lost  to  evaporation  or  transpiration. 

Moisture  depletion  in  the  surface  6  feet  of 

soil  is  shown  in  figure  13  for  several  combina- 
tions  of   vegetation    and    soils.   The    average 

5-year-maximum  and  5-year-minimum  mois- 
ture contents  are  presented  as  the  extremities 

of  the  bar  graphs.  Moisture  depletion  under 
the  three  aspen  communities  ranged  from  6.9 
to  8.5  inches,  but  depletion  under  the  grass 

and  the  aspen-sprout  communities  was  only 
3.9  and  4.6  inches,  respectively,  for  the  same 

soil  types.  These  relations  suggest  that  a  po- 
tential  water   savings   of  3  to   4  area-inches 
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Figure  13.  —  A  comparison  of  soil  moisture 
depletion  in  the  surface  6  feet  for  several 

soil  and  vegetation  types.  Average  maxi- 
mum and  minimum  moisture  values  are 

represented  by  the  top  and  bottom  of  the 
bars. 
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might  be  realized  by  changing  either  the  spe- 
cies or  character  of  existing  plant  communi- 
ties. The  primary  purpose  of  these  changes 

would  be  to  reduce  moisture  loss  below  the 

surface  3  feet  by  reducing  rooting  depth. 

If  the  aspen  were  removed,  we  would  ex- 
pect that  uncontrolled  sprout  growth  would 

quickly  reduce  the  benefits  of  the  treatment 
on  water  yields.  A  plot  study  conducted  on 
the  experimental  watersheds  demonstrated 
that  soil  moisture  losses  were  reduced  by  3  or 

more  inches  in  each  of  the  first  4  years  fol- 
lowing aspen  clearcutting  (Johnston  1969). 

The  results  of  soil  moisture  measurements  in 

the  0-  to  3-foot  and  3-  to  6-foot  depths  on 
both  clearcut  and  mature  aspen  plots  is  pre- 

sented in  figure  14  for  the  second,  third,  and 
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fourth  seasons  after  cutting.  No  attempt  was 
made  to  control  sprouting.  By  the  fourth 

year,  reduction  in  depletion  in  the  surface  3 

feet  had  been  largely  eliminated  while  deple- 
tion differences  in  the  3-  to  6-foot  level  re- 

mained fairly  constant.  The  pattern  of  with- 
drawal did  not  change  greatly  from  the  fourth 

through  the  seventh  year  indicating  that  treat- 
ment effects  may  be  more  persistent  than  pre- 

viously expected. 

Evapotranspiration 
Potential  evapotranspiration  (PE)  com- 

puted according  to  the  Thornthwaite  method 
(Thornthwaite    1957),    is   largely    based    on 
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profile. 
—  Moisture  content  in  the  first  3  feet  (0-3  feet)  and  the  second  3  feet  (3-6  feet)  soil 
Measurements  for  1965  represent  the  second  summer  after  clearcutting. 
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I   J  Precipitation  excess 

f "         1  Precipitation  deficit   •  Precipitation 

  Potential  evapolranspiraiK 

Figure  15.  —  Comparison  of  mean  monthly 
precipitation  and  potential  evapotranspira- 
tion  for  the  period  1956-1959. 

mean  monthly  temperature.  PE  is  an  index  of 
heat  energy  available  to  vaporize  water  and  is 

an  estimate  of  the  amount  of  evapotranspira- 
tion  (ET)  that  would  occur  if  plant  and  soil 
water  were  not  limiting.  PE  is  assumed  to  be  0 
when  the  mean  monthly  temperature  is  below 

32°  F. 
PE  values  are  plotted  along  with  mean 

monthly  precipitation  in  figure  15.  Precipita- 
tion exceeds  ET  for  8  months  of  the  year, 

from  October  through  May,  followed  by  pre- 
cipitation deficit  during  June,  July,  and 

August,  when  ET  exceeds  precipitation.  Aver- 
age PE  during  the  summer  was  11.1  inches 

compared  to  an  averaige  rainfall  of  1.45  inches 
per  month.  Rainfall  and  PE  are  about  equal  in 
September.  Annual  precipitation  exceeds  the 

yearly  PE  by  41.5  to  16.6  inches,  respective- 
ly. Our  computations  of  annual  PE  are  2  to  5 

inches  lower  than  presented  in  the  Hydrologic 

Atlas  of  Utah  (Jeppson  and  others  1968),  al- 
though the  same  method  was  used.  It  should 

be  noted,  however,  that  in  the  Hydrologic 

Atlas,  PE  for  the  entire  State  is  based  on  tem- 
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Figure  16.  —  Comparison  of  daily  and  average 
monthly  values  of  pan  evaporation  and 
potential  evapotranspiration  (1962). 

perature   records   extrapolated    from   valley 
stations. 

Daily  evaporation  from  a  class  "A"  pan 
was  compared  with  computed  PE  for  the 
summer  of  1962  (fig.  16).  Pan  evaporation 
fluctuated  greatly  in  response  to  daily  changes 
in  climatic  variables.  Average  pan  evaporation 

was  0.22  inch  per  day,  more  than  twice  the 
average  PE  of  0.10  inch  per  day.  Total  values 
were  22.9  inches  for  the  pan  and  10.7  inches 

PE.  It  is  generally  accepted  that  pan  evapora- 
tion characteristically  overestimates  ET. 

ET  was  estimated  for  the  period  May 
through  September  1965  for  two  cover  types, 
a  mature  aspen  community  and  an  adjacent 
area  from  which  the  aspen  had  been  removed. 
ET  was  considered  to  be  the  sum  of  the  soil 

moisture  depletion  and  rainfall  for  the  period. 
The  estimated  ET  was  14.06  inches  from  the 

aspen  and  10.84  inches  from  the  grass-forb 
community.  For  the  same  period,  calculated 
PE  was  14.24  inches,  which  is  fairly  close  to 
our  estimated  ET  for  the  aspen. 
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STREAMFIOW 

Gaging  Stations 
Temporary  90°  "V"  notch  weirs  were  oper- 

ated near  the  present  gage  locations  from 

1952  to  1958.  In  1965  a  3-foot  "H"  type 
flume  with  concrete  block  stilling  well  house 
was  installed  at  the  mouth  of  each  watershed. 
Streamflow  is  being  recorded  continuously  on 

Fisher-Porter  analog-to-digital  punch  tape  re- 
corders at  15-minute  intervals  from  April 

through  October,  and  30-minute  intervals  dur- 
ing the  remainder  of  the  year.  The  flumes 

have  a  rated  head  capacity  of  0.02  to  2.9  feet 
or  a  maximum  discharge  capacity  of  30  c.f.s. 
A  heating  system  was  developed  for  these  sta- 

tions to  permit  measurement  of  winter  flows 
(Doty  and  Johnston  1967).  The  system  con- 

sists of  plywood  flume  covers,  a  12,000  B.t.u. 
infrared  heater  mounted  beneath  the  cover, 
and  a  small  floating  heater  in  the  stilling  well. 

The  system  has  proven  very  effective  in  elim- 
inating ice  formation  at  the  stations. 

Streamflow 
The  annual  streamflows  from  the  East  and 

West  Branches  of  Chicken  Creek  are  presented 

1^  WEST  BRANCH 

1965  1966  1966  1967  1967  1968  1968  1969 

WATER  YEAR 

Figure  17.  —  Comparison  of  annual  stream- 
flow  and  annual  precipitation 
(1965-1970),  East  and  West  Branches. 

in  figure  17  and  compared  to  annual  precipi- 
tation. Mean  annual  flow  from  the  West 

Branch  is  slightly  more  than  twice  that  of  the 
East  Branch  for  the  5-year  period,  but  these 
watersheds  display  rather  marked  fluctuation£> 
in  annual  flow  in  response  to  relatively  small 
changes  in  annual  precipitation.  The  West 
Branch  also  produces  36  percent  more  water 
per  acre  than  the  East  Branch  (table  4). 

The  distribution  of  streamflows  throughi 
out  the  year  (timing)  is  often  more  important! 
than  the  total  of  these  flows,  especially  when 

downstream  storage  facilities  are  inadequate' 
or  lacking.  Mean  monthly  streamflows  (table 
8,  Appendix)  are  compared  in  figure  18.  Thee 
flows  from  both  watersheds  Eire  very  low  foir| 
about  7  months  of  the  year,  usually  from  Juljyj 
through   February.  About  88  percent  of  thee 
total  flow  from  the  two  watersheds  occurri 

during  3  months,  April,  May,  and  June  in  re 
sponse  to  snowmelt.  Neither  watershed  show; 
much  response  to  the  general  increase  in  rain 
fall  during  the  late  summer  and  early  fall  (fig 
3)  indicating  that  these  rains  serve  to  recharge 
the  depleted  soil  mantle  and  do  not  immedi 
ately  affect  streamflow. 

Annual  streamflow  was  expressed  as  a  per 
cent  of  annual  precipitation  (table  5).  In  gen 
eral,  the  higher  the  annual  precipitation,  th( 
greater  the  percent  yielded,  and  once  agaii 
the  yield  from  the  West  Branch  is  about  twic( 
that  of  the  East  Branch.  The  difference  ii 

both  per  acre  and  percent  yields  from  the  tw( 
areas  may  be  explained  by  noting  the  topo 
graphical  dissimilarity  of  the  two  areas  witl 
respect  to  the  distribution  and  redistributioi 
of  precipitation.  We  believe  that  the  Eas 
Branch  does  not  effectively  catch  and  hok 
the  precipitation  that  falls  on  it,  especiall; 
along  the  high  ridge  that  forms  the  northwes 
boundary.  First,  it  is  generally  accepted  tha 
rainfall  diminishes  near  the  crest  of  expose< 
ridges;  this  would  tend  to  reduce  the  amoun 
of  rainfall  intercepted  by  the  watershed.  Sec 
ondly,  snowfall  is  redistributed  on  bot 
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Table  4.  —  A  comparison  of  stream  flow  from 
the  East  and  West  Branches  of  Chicken 

Creek  (water  year  1966-1970) 

Unit  of  measurement                           East  Branch West  Branch 

Mean  annual  flow 

inches                                                    9.7 18.7 

(■.f..s.                                                       0.15 0.47 
c.s.m.                                                  0.72 1.23 

acre  ft.                                              111.8 280.4 

Maximum  annual  flow 

acre  ft.                                              145.25 442.25 

Minimum  annual  flow 

acre  ft.                                             66.35 177.83 

Ma.ximum  recorded  flow 

c.f.s.                                                       4.67 13.39 

Minimum  recorded  flow 

c.f.s.                                                   0.001 0.001 
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watersheds  by  the  prevailing  southwest  winter 
winds.  These  winds  deposit  deep  drifts  on  the 

lee  side  of  the  ridges  which  form  the  south- 
west boundary  of  the  West  Branch  and  at  the 

same  time  clear  the  snow  from  the  windward 

side  of  the  high  ridge,  which  forms  the  north 

and  east  boundary  of  the  East  Branch.  Sel- 
dom is  the  snow  depth  greater  than  a  few 

inches  on  that  high  ridge  during  the  winter, 

but  depth  increases  downslope  in  general  re- 
sponse to  the  height  of  the  vegetation.  The  re- 

distribution of  snow  increases  the  effective 

depth  of  winter  precipitation  on  the  West 
Branch  and  reduces  the  effective  depth  of 
winter  precipitation  on  the  East  BraJich.  This 
hypothesis  will  be  tested  during  the 

1971-1972  winter.  Forty  permanent  snow 
measurement  points  have  been  established  on 
the  two  study  watersheds.  Snow  depths  and 
density  will  be  measured  at  each  point  after 
major  storms  and  again  several  days  later. 
These  measurements  should  help  ciuantify  the 
redistribution  of  snow  on  the  area. 

Calibration 

In  all  watershed  studies,  we  must  deter- 
mine whether  sufficient  correlation  exists  be- 
tween watersheds  so  that  the  expected  change 

in  streamflow  due  to  treatment  can  be  detect- 

ed at  a  reasonable  confidence  level.  Regres- 
sion equations  for  several  different  periods  of 

streamflow  data  from  the  East  versus  the  West 

Branches  are  presented  in  table  6.  In  these 
analyses  the  West  Branch  was  the  dependent 
variable. 

The  R2  values  are  all  high,  indicating  that 
most  of  the  variation  in  streamflow  between 

watersheds  is  accounted  for  in  the  regression. 
The  best  correlation  appears  to  be  with  the  5 
years  of  annual  flows  measured  by  the  present 

gaging  stations.  When  the  6  years  of  stream- 
flow  data  measured  at  the  "V"  notch  stations 
are  included  in  the  regression,  the  R2  de- 

creases. Individually,  streamflow  from  the 

two  periods  fit  the  respective  regression  lines 
very  nicely,  but  the  two  lines  diverge.  Perusal 
of  the  data  indicates  that  the  problem  is 

caused  by  the  lack  of  comparability  of  the 
winter  flow  between  the  two  time  periods. 
Winter  flow  was  estimated  during  the  time 
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Table  5.  —  Water  yielded  from  the  East  and  West  Branch  watersheds  expressed  as  percent  of 
annual  precipitation  (1965-1970) 

Item 1965-66        1966-67 

Water  year 

1967-68        1968-69         1969-70 

East  Branch 

West  Branch 

Annual  precipitation 

17 
18 

-  — i  c»  cent  — 

19 

25 23 

29 36 38 

—  Inches-  -  ■ 

47 44 

33.13 49.44 49.89 51.62 50.14 

that  "V"  gages  were  used,  based  on  the  flow 
prior  to  freezeup.  Our  measurements  of  win- 

ter flow  obtained  from  the  heated  gaging  sta- 
tions indicate  that  winter  flow  was  materially 

underestimated  in  the  past,  especially  from 
the  West  Branch. 

We  used  the  techniques  presented  by 
Kovner  and  Evans  (1954)  to  determine  the 

length  of  calibration  period  needed  to  accur- 
ately predict  various  levels  of  expected  post- 

treatment  change  in  streamflow.  Using  5  years 
of  streamflow  data  and  based  on  an  error  vari- 

ance of  pretreatment  flow  of  0.714  inch,  we 
calculated  that  we  should  be  able  to  detect  an 

8  percent  change  in  annual  flow  (1.48  inches) 
at  the  95  percent  confidence  level.  Based  on 
these  analyses,  the  two  watersheds  appear  to 
be  well  calibrated,  but  since  no  treatment  is 

planned  before  the  summer  of  1973,  the  pre- 
treatment calibration  period  will  be  extended 

to  6^2  years. 

How  much  of  an  increase  in  streamflow 

can  we  expect?  This  is  a  difficult  question, 
and  the  answer  depends  on  the  type  of  treat- 

ment used  and  area  to  which  it  is  applied.  We 
know  that  when  aspen  was  defoliated  in 
southern  Utah,  annual  streamflow  from  a 
447-acre  treated  area  increased  from  0.5  to 
3.5  inches  during  the  posttreatment  period.  If 
we  extrapolate  the  water  savings  indicated  by 
our  plot  studies  (Johnston  1969,  1970)  to  a 
100-acre  treatment  area,  we  would  theoreti- 

cally realize  a  reduction  in  soil  moisture  de- 
pletion of  about  8  inches  of  water  per  acre  or 

about  66  acre  feet.  If  all  the  water  saved  were 

released  as  streamflow,  annual  flow  from  the 

West  Branch  would  be  increased  about  24  per- 
cent. This  extrapolation  is,  of  course,  over- 

simplified and  subject  to  considerable  error.  It 
is  used  only  to  illustrate  the  potential  for  in- 

creasing water  yields  and  to  point  out  the 
need  for  a  watershed  size  study. 

Table  6.  —  Linear  regression  analyses  using  several  streamflow  parameters  for  the  Chicken 
Creek  watersheds 

Equation Input 

R^ 

N 

Y=  2.04  X  -1.377 
Y=  0.5447  X  +0.324 

Y=  1.858  X  +0.043 

Y-  1.94  X  -0.126 

Y=  2.156  X  -0.562 

Annual  flow 

Annual  flow  +  6  yrs.  of  "V"  notch  data, 
1952-1958 

Monthly  flow 

Annual  April-July  high  flow  period 

Annual  August-March  low  flow  period 

0.982 5 
0.922 11 

0.977 60 
0.970 5 
0.922 5 
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Several  indicators  of  water  quality  aire  be- 
ing monitored  on  the  watersheds.  They  in- 

clude measurement  of  suspended  and  bed- 
load  sediments,  water  temperature,  and 
chemical  and  bacteriological  quality. 

Sediment  Measurenient 

Gravimetric  measurements  of  bedload  and 

suspended  sediment  on  the  East  and  West 
Branch  drainages  indicate  that  good  quality 
water  is  obtained  from  both.  Nearly  all  of  the 
sediment  produced  comes  from  runoff  during 
the  snowmelt  period  and  in  conjunction  with 

summer  storms.  A  major  contributor  to  bed- 
load  appears  to  be  abandoned  beaver  ponds 
which  are  now  releasing  their  accumulation  of 
sediment  as  the  dams  deteriorate. 

Bedload  sediment  is  trapped  in  the 
Polyakov  type  of  river  bottom  samplers  which 
were  installed  on  the  East  and  West  Branches 
of  Chicken  Creek  in  1967.  The  entire  stream 

passes  over  each  sampler,  resulting  in  a  75  to 
95  percent  catch  of  the  total  bedload.  The 
West  Branch  produces  almost  no  bedload, 
only  0.07  lb.  per  acre  per  year.  The  East 
Branch  produces  considerably  more,  but  still 
only  1.14  lb.  per  acre  per  year.  The  material 
in  the  bedload  from  both  streams  is  primarily 
sand  and  small  gravel  (90  percent  of  it  less 

than  3/4-inch  diameter).  Organic  matter  aver- 
ages about  8  percent  in  each  of  the  streams. 

Both  streams  produce  about  the  same 
amount  of  suspended  sediment  during  the 

summer  months.  The  highest  amount  re- 
corded was  only  59  parts  per  million  (p. p.m.) 

from  the  West  Branch  and  48  p. p.m.  from  the 

East  Branch.  Suspended  sediment  measure- 
ments during  peak  spring  runoff  are  no  great- 

er than  during  rainy  periods  during  the 
summer. 

Water  Temperature 
Water  temperatures  have  been  recorded 

continuously  near  the  gaging  stations  on  each 
watershed  since  April  1971,  and  periodically 

at  other  locations.  Water  temperatures  fluc- 

tuated slightly  between  31.1°  and  35.6°  F. 
while  the  streams  remained  snow-covered.  Be- 

ginning with  snowmelt,  temperatures  in- 
creased until  mid-August.  The  monthly  maxi- 

mum and  minimum  water  temperatures  of  the 

two  streams  were  within  4°  F.  except  during 
July,  August,  and  September.  At  this  time 
maximum  temperatures  were  much  higher  on 
the  West  Branch.  The  maximum  recorded 

temperature  was  75°  F.  compared  to  64°  F. 
at  the  East  Branch  gage.  Water  temperatures 
at  the  highest  continuously  flowing  springs  on 

each  watershed  were  fairly  constant  (44°  F.) 
throughout  the  summer. 

Chemical  Quality 

Monitoring  of  various  chemical  properties 
and  constituents  of  the  water  from  the  re- 

search area  was  begun  in  March  1971.  Water 
samples  were  collected  weekly  until  October 

and  monthly  thereafter;  the  samples  were  usu- 
ally taken  near  the  gages  and  occasionally 

from  the  source  areas.  Conductivity  and  pH 
were  determined  and  samples  were  analyzed 
for  the  following  inorganic  components: 
calcium,  magnesium,  sodium,  potassium,  total 

phosphorus,  nitrate,  and  bicarbonate. 
The  range  of  values  for  each  parameter  is 

listed  in  table  9  of  the  Appendix.  Generally, 
values  are  higher  for  the  West  Branch  than  the 

East  Branch.  The  exceptions  are  for  the  mini- 
mum values  of  conductance,  magnesium,  and 

sodium,  which  are  slightly  higher  for  the  East 
Branch  samples.  The  low  conductivity  values 
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of  both  streams  indicate  a  low  level  of  ionic 

material.  Bicarbonate  and  calcium  comprise 
the  bulk  of  the  dissolved  chemical  load  of  the 

constituents  measured.  The  pH  values  of  both 

streams  were  usually  about  7.5,  but  these  val- 
ues became  slightly  acid  during  the  spring 

high  flow  period. 

There  appears  to  be  a  general  relationship 
between  solute  concentrations  and  discharge. 

Except  for  nitrate  and  potassium,  the  concen- 
tration of  each  constituent  decreased  during 

the  spring  high  flow  period  and  increased  gen- 
erally into  the  summer  low  flow  period.  Ni- 
trate concentrations  were  very  low  through- 

out the  measurement  period,  seldom  exceed- 
ing 0.1  p. p.m.  on  either  stream. 

A  more  complete  analysis  was  made  on  wa- 
ter samples  collected  in  mid-July  both  near 

the  gages  and  at  headwater  springs  in  each 
watershed.  These  analyses  included  tests  for 

trace  elements,  heavy  metals,  biochemical  de- 
mand (BOD),  and  total  coliform  bacteria;  re- 

sults are  listed  in  table  10  of  the  Appendix. 
The  tests  indicated  almost  no  trace  elements 

and  only  small  concentrations  of  iron,  zinc, 

manganese,  and  copper.  About  60  percent  of 
the  total  dissolved  load  of  each  stream  is  con- 

tributed by  bicarbonate  and  98  percent  by 

the   five  contributors:   bic£irbonate,  calcium, 

sodium,  sulfate,  and  chloride. 

Bacteriological  Quality 
Bacteriological  analysis  of  samples  col- 

lected in  mid-July  indicated  that  total  coli- 
form bacteria  counts  were  very  low,  ranging 

from  less  than  3  per  100  ml.  at  a  spring  on  the 
West  Branch  to  120  per  100  ml.  at  the  East 
Branch  stream  gage. 

Additional  water  samples  were  collected 
and  analyzed  by  research  personnel  from 

Utah  State  University  at  about  2-week  inter- 
vals from  mid-July  to  mid-October  and  this 

sampling  is  continuing.  Bacteriological  analy- 
sis included:  total  coliform,  fecal  coliform, 

and  fecal  streptococcus.  There  is  insufficient 

information,  at  present,  to  indicate  relation- 
ships or  trends.  Counts  were  very  low  and 

variable  (0  to  250  per  100  ml.)  except  for  a 

single  sampling  date  in  mid-August  when  a 
very  large  increase  in  all  counts  was  noted 
(total  coliform  and  fecal  streptococcus,  both 
exceeded  1,000  counts  per  100  ml.).  This  water 

sample  was  taken  immediately  after  a  1.88- 
inch  rainfall  and  the  high  counts  are  attrib- 

uted to  surface  runoff  and  flushing  of  beaver 
dams  and  stream  channels. 
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Various  descriptive  and  hydrologic  data 

were  collected  as  part  of  the  pretreatment  in- 
ventory of  two  small  watersheds  (East  and 

West  Branches)  in  the  Wasatch  Range  of  Utah. 
These  data  will  help  determine  the  type  of 
treatment  imposed  on  the  watershed,  as  well 

as  the  extent,  timing,  and  evaluation  of  treat- 
ment effects  on  hydrologic  response. 

The  two  watersheds  (137  and  219  acres) 

are  representative  of  many  small,  predomi- 
nantly aspen-covered  mountain  drainages  in 

the  Wasatch  Range.  Average  precipitation  is 
45  inches,  which  is  predominantly  snow,  and 

mean  annual  temperature  is  a  cool  36°  F.  An- 
nual streamflow  closely  reflects  precipitation 

and  has  varied  from  10  to  24  inches  on  the 

larger  area  and  6  to  13  inches  on  the  smaller 

area  during  the  past  5  years.  About  88  per- 
cent of  streamflow  occurs  during  the  April- 

through -June  period. 

The  area  is  geologically  complex  and  rock 
material  underlying  the  solum  is  deeply 
weathered  and  fractured.  Soils  are  generally 

deep,  except  on  the  ridges,  but  available  soil 
moisture  is  largely  depleted  throughout  the 
depth  of  rooting  by  midsummer.  Average 

evapotranspiration  from  the  dense  aspen- 
forb-grass  community  is  15  inches  during  the 

growing  season. 
Soils  appear  to  be  fairly  stable  under  the 

existing  vegetative  cover.  Water  quality  is 
quite  high.  The  highest  suspended  sediment 

measurement  was  59  p. p.m.  and  average  bed- 
load  from  the  two  areas  is  only  0.07  and  1.14 

lb.  per  acre  per  year.  In  addition,  both  bac- 
teriological counts  and  the  amount  of  dis- 

solved solids  are  low. 
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SOIL  PROFILE  DESCRIPTIONS 

Unit  10.  —  Lithic  ArgixeroU  (shallow  mixed  mesic) 

Parent  Material:    Gneiss,  schist,  migmatites 

Slope:    18  percent,  south  aspect 
Drainage:    Well  to  somewhat  excessively  drained 
Elevation:    8,200  ft. 

Depth 
Horizon       (inches) 

Landform:    High  mountain  ridge,  scarp  slope 
Erosion:   Inherent  erosion  hazard  moderate 

Vegetation:    Low  sagebrush,  rabbitbrush, 
Indian  paintbrush,  carex  spp. 

Description 

All 

A12 

B2t 

C 

R 

0-1 

1-5 

5-9 

9-12 

12-14+ 

Dark  yellowish  brown  (lOYR  4/4)  gravelly  sandy  loam,  dark 
yellowish  brown  (lOYR  3/4)  moist,  weak  medium  subangular  blocky 
structure;  very  friable;  25  percent  gravel;  neutral  (pH  7.0);  clear 
smooth  boundary. 

Dark  brown  to  brown  (lOYR  4/3)  gravelly  loam,  dark  brown  (lOYR 
3/3)  moist,  weak  medium  subangular  blocky  structure;  slightly  hard, 
friable;  35  percent  gravel,  neutral  (pH  7.0);  abrupt  smooth  boundary. 

Yellowish  brown  (lOYR  5/4)  very  gravelly  clay  loam,  dark  yellowish 
brown  (lOYR  4/4)  moist;  moderate  fine  subangular  blocky  structure; 

slightly  hard,  firm;  75  percent  gravel;  neutral  (pH  6.8);  abrupt  irregular 
boundary. 

Brown  (lOYR  5/3)  extremely  cobbly  loam,  moderate  fine  subangular 
blocky  structure;  80  percent  cobble  and  gravel. 

Hard,  but  well  fractured,  bedrock  of  pegmatite  and  gneissic  rocks. 
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SOIL  PROFILE  DESCRIPTIONS  (con.) 

Unit  11.  —  Pachic  Cryoboroll  (loamy  skeletal  mixed) 

Parent  Material:    Granite,  gneiss,  slate,  schist 

Slope:    26  percent,  single,  west-soutli west  aspect 
Drainage:    Well  drained 
Elevation:    8,000  ft. 

Depth 
Horizon        (inches) 

Al 0-3 

ASorBl 3-9 

11B21  9-16 

llB22t  16-26 

llCl  26-35 

R 35-44 

Landform:    Colluvial  sideslope 
Erosion:    Slight  sheet 

Vegetation:    Big  sagebrush,  rabbitbrush, 
ceanothus,  lupine,  Indian  paintbRish, 
bushweed,  yarrow,  cheatgrass,  and 
wheatgrass 

Description 

Dark  grayish  brown  ( lOYR  4/2)  sandy  loam,  very  dark  brown  ( lOYll 
2/2)  moist  aggregate;  very  weak  medium  subangular  blocky  breaking 
to  moderate  fine  granular  structure;  soft,  friable,  nonsticky,  nonplastic, 

plentiful  fine  and  few  micro  roots;  10  percent  gravel;  neutral  (pH  7.0); 
clear  smooth  boundary. 

Dark  grayish  brown  (lOYR  4/2)  gravelly  sandy  loam,  dai"k  brown 
(lOYR  3/3)  moist  aggregate;  very  weak  medium  subangular  blocky 
breaking  to  moderate  fine  granular  stnjcture;  soft,  veiy  frial:)le,  slightly 

sticky,  slightly  plastic;  plentiful  fine  and  few  medium  and  micro  roots; 
15  percent  gravel;  neutral  (pH  7.0);  clear  wavy  boundary. 

Dark  brown  to  brown  (lOYR  4/3)  cobbly  sandy  loam  marginal  to 
sandy  clay  loam,  dark  brown  (lOYR  3/3)  moist  aggregate;  moderate 
fine  subangular  blocky  breaking  to  weak  very  fine  granular  structure; 
slightly  hard,  friable,  slightly  sticky,  slightly  plastic;  few  thin  clay 
films  on  ped  faces  and  colloid  stains  on  mineral  grains;  plentiful 
medium  and  few  fine  and  coarse  roots;  20  percent  gravel  and  25 
percent  cobble;  neutral  (pH  7.0);  abrupt  irregular  boundary. 

Strong  brown  (7.5YR  5/6)  veiy  stony  clay  loam,  dark  brown  (7.5YR 
4/4)  moist;  moderate  fine  .subangular  blocky  stiiicture;  slightly  hard, 
friable,  slightly  sticky,  plastic,  few  thin  clay  films  on  ped  faces; 
plentiful  fine  and  medium  roots;  65  percent  angular  stone  and  cobble; 
neutral  (pH  7.0);  abrupt  irregular  boundary. 

Brown  (7.5YR  5/4)  very  stony  sandy  loam,  dark  brown  to  brown 
(7.5YR  4/4)  moist;  moderate  veiy  fine  granular  structure;  slightly 
hard,  very  friable;  few  fine  and  medium  roots;  80  percent  stone  and 
cobble;  neutral  (pH  7.0);  abrupt  irregular  boundary. 

Well  weathered,  well  fractured  migmatite  (composite  gnei.ss,  soft,  can 
be  cut  with  knife;  no  roots. 
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SOIL  PROFILE  DESCRIPTIONS  (con.) 

Unit  12.  —  Pacliic  Cryoboroll  (coarse  loamy  mixed) 

Parent  Material:   Gneiss,  schist,  migmatites 

Slope:    35  percent,  single,  west-southwest  aspect 
Drainage:   Well  drained 
Elevation:    7,950  ft. 

Landform:   CoUuvial  slope 
Erosion:   Moderate  inherent  erosion  hazard 

Vegetation:   Aspen  and  shrub  understory 
with  forbs  and  grasses 

Horizon 
Depth 
(inches) Description 

01  1/2-0  Thin  layer  of  partially  decomposed  aspen  leaves. 

All  0-3  Very  dark  grayish  brown  (lOYR  3/2)  sandy  loam;  weak  fine  granular 
structure;  soft,  friable;  plentiful  micro  roots  and  few  fine  roots;  very 
few  fine  pores;  neutral  (pH  7.0);  clear  smooth  boundary. 

A12  3-12  Dark  grayish  brown  (lOYR  4/2)  sandy  loam;  very  dark  grayish  brown 
(lOYR  3/2)  moist;  weak  medium  subangular  blocky  breaking  to 
moderate  fine  granular  structure;  slightly  hard,  friable;  few  fine  and 
plentiful  medium  and  coarse  roots;  very  few  fine  vesicular  pores, 
slightly  acid  (pH  7.0);  clear  wavy  boundary. 

B22t  12-23  Brown  (lOYR  4/3)  gravelly  heavy  sandy  loam,  dark  brown  (lOYR 
3/3)  moist;  moderate  medium  subangular  blocky  breaking  to  weak 
fine  subangular  blocky  structure;  slightly  hard,  slightly  firm,  slightly 
plastic;  slightly  sticky;  few  thin  clay  films  in  pores  and  colloid  stains  oi 
mineral  grains;  few  fine  and  coarse  and  plentiful  medium  roots; 
plentiful  micro  and  very  fine  pores;  15  percent  gravel;  slightly  acid 
(pH  6.5);  clear  wavy  boundary. 

B23  23-56  Brown  (7. 5YR  5/2)  cobbly  sandy  loam,  dark  brown  (7. 5YR  4/2) 
moist;  weak  coarse  subangular  blocky  structure;  slightly  hard,  friable, 
shghtly  sticky,  slightly  plastic;  15  percent  cobble  and  gravel;  slightly 
acid  (pH  6.5);  gradual  wavy  boundary. 

C  56-60  Brown  (7.5YR  5/2)  cobbly  loamy  sand;  massive,  slightly  acid  (pH  6.5)1 
abrupt  irregular  boundary. 

R  60+  Well  weathered,  slightly  fractured  parent  material  consisting  of  gneiss 
and  schistose  rocks. 
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SOIL  PROFILE  DESCRIPTIONS  (con.) 

Unit  13.  —  Argic  Pachic  Cryoboroll  (loamy  skeletid  niLxed) 

Parent  Material:   Schistose  rock 

Slope:    26  percent,  complex,  southwest  aspect 
Drainage:    Well  drained 
Elevation:    8,000  ft. 

Horizon 
Depth 
(inches) 

Landform:   CoUuvial  slope 
Erosion:    None  apparent 

Vegetation:    Aspen,  chokecherry,  snow- 
berry,  columbine,  lupine,  yarrow,  brome 

Description 

nsoi! 

All 

A12 

0-1 

1-12 

llBlt 12-21 

llB2t 21-33 

6.5! 

'I 
llB3t 

CI 

33-40 

40-48+ 

Dark  grayish  brown  (lOYR  4/2)  loam,  black  (lOYR  2/1)  moist;  weak 
fine  platy  breaking  to  weak  fine  granular  structure;  soft,  friable, 
slightly  sticky,  nonplastic;  plentiful  micro  and  few  fine  roots;  neutral 
(pH  7.0);  clear  smooth  boundary. 

Dark  grayish  brown  (lOYR  4/2)  loam;  very  dark  brown  (lOYR  2/2) 
moist  crushed;  moderately  fine  subangular  blocky  breaking  to 
moderate  very  fine  granular  structure;  soft,  friable,  slightly  sticky; 
plentiful  micro  and  few  fine  roots;  slightly  acid  (pH  6.5);  abrupt  wavy 
boundary. 

Brown  (lOYR  5/3)  gravelly  clay  loam,  brown  to  dark  brown  (lOYR 
4/3)  moist  crushed;  moderate  fine  subangular  blocky  breaking  to 
moderate  very  fine  subangular  blocky  stnjcture;  slightly  hard,  firm, 
sticky,  plastic;  common  thin  clay  films  on  ped  faces  and  as  bridging 
and  colloid  stains  on  mineral  grains;  plentiful  fine  and  medium  roots; 
40  percent  gravel;  medium  acid  (pH  6.0);  gradual  wavy  boundary. 

Dark  brown  (7.5YR  4/4)  very  gravelly  clay,  dark  brown  (7. SYR  3/4) 
moist  aggregate;  strong  medium  blocky  breaking  to  moderate  fine 

subangular  blocky  strvicture;  hard,  firm,  plastic,  sticky;  many  moder- 
ately thick  clay  films  on  ped  faces,  in  pores,  and  as  bridging;  plentiful 

fine  and  few  medium  roots;  50  percent  gravel;  medium  acid  (pH  6.0); 
gradual  wavy  boundary. 

Brown  (7. SYR  5/4)  very  gravelly  clay  loam;  weak  medium  subangular 
blocky  structure;  slightly  hard,  firm,  slightly  sticky,  slightly  plastic; 
few  thin  clay  films  as  bridging;  few  fine  roots;  75  percent  gravel; 
medium  acid  (pH  6.0);  clecir  wavy  boundary. 

Strong  brown  to  brown  (7. SYR  5/5)  very  cobbly  sandy  loam;  massive; 
very  friable;  very  few  fine  roots;  75  percent  cobble  and  gravel;  medium 
acid  (pH  6.0). 
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SOIL  PROFILE  DESCRIPTIONS  (con.) 

Unit  14.  —  Typic  Cryochrept  (fine  loamy  mixed) 

Parent  Material:   Granite,  gneiss,  and  schistose 
rock 

Slope:    47  percent,  north  aspect 
Drainage:   Well  drained 
Elevation:    7,900  ft. 

Depth 
Horizon        (inches) 

Landform:   Colluvial  slope 
Erosion:   None  apparent 
Vegetation:   Subalpine  fir,  snowberry, 

lupine,  western  coneflower 

Description 

01  2-1/2 

02  1/2-0 

Al  0-2 

A2 2-8 

B21t 8-17 

B22t 17-27 

B3 27-33 

R 33-40+ 

Partially  decomposed  needles  and  twigs. 

Black,  well  decomposed  needles  and  twigs. 

Brown  (lOYR  4/3)  very  fine  sandy  loam,  dark  brown  (lOYR  3/3) 
moist;  moderate  medium  subangular  blocky  breaking  to  moderate  fine 
granular  structure;  slightly  hard,  friable;  plentiful  medium  and  few 
fine  roots;  slightly  acid  (pH  6.5);  clear  wavy  boundary. 

Light  brown  (7. SYR  6/4)  gravelly  sandy  loam,  dark  brown  to  brown 
(7. SYR  4/2)  moist;  weak  medium  subangular  blocky  breaking  to 
moderate  very  fine  granular  structure;  slightly  hard,  friable;  plentiful 
coarse  and  medium  and  few  fine  roots;  20  percent  gravel;  strongly  acid 
(pH  S.S);  clear  wavy  boundary. 

Brown  (7. SYR  4.4/2)  gravelly  heavy  sandy  loam,  dark  brown  (7. SYR 
3/2)  moist  crushed;  weak  medium  subangular  blocky  breaking  to 
moderate  fine  subangular  blocky  structure;  slightly  hard,  friable, 
slightly  sticky;  few  thin  clay  films  on  ped  faces  and  in  pores;  few  fine 
and  plentiful  coarse  and  medium  roots;  30  percent  gravel;  medium 
acid  (pH  6.0);  gradual  irregular  boundary. 

Brown  (7. SYR  S/2)  cobbly  sandy  clay  loam  marginal  to  clay  loam, 
brown  (7. SYR  4.6/2)  moist  crushed;  weak  fine  subangular  blocky 
breaking  to  weak  fine  granular  structure;  slightly  hard,  friable,  slightly 
sticky;  slightly  plastic;  few  thin  clay  films  on  ped  faces  and  in  pores; 
few  coarse  and  plentiful  medium  roots;  25  percent  cobble;  medium 
acid  (pH  5.8);  clear  irregular  boundary. 

Brown  (7. SYR  4.4/2)  cobbly  sandy  clay  loam  marginal  to  clay  loam, 
dark  brown  (7. SYR  3/2)  moist  crushed;  weak  medium  subanguleir 
blocky  structure,  slightly  hard,  friable,  slightly  sticky;  colloid  stains  on 
mineral  grains;  few  medium  roots;  30  percent  cobble;  slightly  acid 
(pH  6.5),  abrupt  wavy  boundary. 

Brown  (7. SYR  5/4);  highly  weathered  schistose  rock;  high  in  mica 
(dominantly  biotite). 
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SOIL  PROFILE  DESCRIPTIONS  (con.) 

Unit  16.  —  Typic  Cryochrept  (fine  loamy  mixed) 

Parent  Material:    Alluvium 

Slope:    8  percent,  complex,  west  aspect 
Drainage:   Moderately  well  drained  to 

imperfectly  drained 
Elevation:    7,700  ft. 

Landform:   Meadow 
Erosion:    None  apparent 

Vegetation:  Snowberry  (scattered)  grass, 
tarweed 

Depth 
Horizon        (inches) Description 

Al  0-2  Reddish  brown  (SYR  5/4)  loam,  dark  reddish  brown  (5  YR  3/3)  moist, 
moderate  coarse  platy  breaking  to  strong  medium  subangular  blocky 
structure;  slightly  hard,  friable,  few  micro  and  fine  roots;  neutral 
(pH  7.0);  clear  smooth  boundary. 

Bl  2-14  Reddish  brown  (2. SYR  4/4)  clay  loam,  dark  reddish  brown  (2. SYR 
3/4)  moist;  strong  medium  angular  blocky  breaking  to  strong  fine 
subangular  blocky  structure;  hard,  firm,  slightly  sticky,  slightly 
plastic;  common  moderately  thick  clay  films  as  bridging;  few  fine 
and  medium  roots;  many  fine  and  medium  pores;  neutral  (pH  6.8); 
clear  wavy  boundary. 

B21t  14-22  Reddish  brown  (2. SYR  4/4)  clay  loam,  dark  reddish  brown  (2. SYR 
3/4)  moist;  moderate  medium  subangular  blocky  structure;  very 
hard,  firm,  slightly  sticky,  slightly  plastic;  many  moderately  thick 
clay  films  on  ped  faces  and  as  bridging;  many  fine  and  medium  pores; 
neutral  (pH  6.8);  gradual  wavy  boundary. 

B22t  22-34  Weak  red  (lOYR  5/4)  sandy  clay  loam,  dusky  red  (lOYR  3/4)  moist; 
moderate  medium  subangular  blocky  structure;  hard,  firm,  slightly 
sticky,  slightly  plastic;  many  moderately  thick  clay  films  on  ped  faces 
and  as  bridging;  many  fine  and  medium  pores;  neutral  (pH  7.0); 
gradual  wavy  boundary. 

B3  34-55  Weak  red  (lOYR  5/4)  sandy  clay  loam,  dusky  red  (lOR  3/4)  moist, 
distinct  mottles  on  ped  faces,  reddish  gray  (lOR  5/1)  and  reddish 
brown  (SYR  5/4);  moderate  fine  subangular  blocky  breaking  to 
moderate  fine  granular  structure;  slightly  hard,  friable,  slightly  sticky; 
many  moderately  thick  clay  films  on  ped  faces  and  as  bridging;  very 
few  fine  roots;  neutral  (pH  7.0);  clear  irregular  boundary. 

CI  55-65  Dark  reddish  gray  (lOYR  4/1)  sandy  loam;  massive;  slightly  acid 
(pH  6.5);  yellowish  red  mottles  (5YR  5/6). 
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SOIL  PROFILE  DESCRIPTIONS  (con.) 

Unit  18.  —  Aquic  Argic  CryoboroU  (fine  mixed) 

Parent  Material:    Gneiss  and  shale 

Slope:    25  percent 
Drainage:   Poorly  to  somewhat  poorly  drained 
Elevation:    8,000  ft. 

Landform:    Landflows 

Erosion:   None  apparent 
Vegetation:   Aspen,  snowberry,  gooseberry 

Horizon 
Depth 
(inches) Description 

All 

A12 

B21t 

B22t 

0-1 

1-11 

11-15 

15-18 

llB21tg        18-25 

llB22tg        25-47  + 

Dark  brown  to  brown  (lOYR  4/3)  loam,  dark  brown  (lOYR  3/3) 
moist;  weak  fine  platy  breaking  to  moderate  very  fine  granular 
structure;  slightly  hard,  friable;  plentiful  fine  and  micro  roots;  few 
micro  and  very  fine  interstitial  pores;  neutral;  abrupt  smooth  boundary 

Brown  (lOYR  5/3)  heavy  loam,  dark  brown  (lOYR  4/3)  moist; 
moderate  medium  subangular  blocky  breaking  to  moderate  medium 
granuleir  structure;  slightly  hard,  friable,  slightly  sticky,  slightly 
plastic;  plentiful  fine  and  few  micro  and  medium  roots;  common  very 
fine  interstitial  pores;  neutral;  clear  smooth  boundary. 

Light  brown  (7.5YR  6/4)  sandy  clay,  dark  brown  to  brown  (7.5YR 
4/4)  moist;  strong  medium  subangular  blocky  structure;  haird,  firm, 
sticky,  plastic;  common  moderately  thick  clay  films  on  ped  faces,  in 
pores,  and  as  bridging;  plentiful  medium  and  coarse  and  few  fine  roots; 
common  very  fine  pores;  slightly  acid  (pH  6.5);  clear  boundary. 

Light  brown  (7.5YR  6/4)  gravelly  clay,  brown  (7.5YR  5/4)  moist; 
strong  coarse  subangular  blocky  structure;  hard,  firm,  sticky,  plastic; 
many  moderately  thick  to  thick  clay  films  on  ped  faces  and  as 
bridging;  plentiful  medium  and  coarse  and  few  fine  roots;  20  percent 
gravel;  slightly  acid  (pH  6.4);  abrupt  irregular  boundary. 

Yellowish  brown  (lOYR  5/6)  gravelly  clay,  brown  (lOYR  4/3)  moist; 
strong  coarse  angular  blocky  structure;  very  hard,  very  firm,  sticky, 
plastic;  common  medium  distinct  very  dark  grayish  brown  (lOYR  3/2) 
and  grayish  brown  (2.5Y  5/2)  mottles;  common  moderately  thick 
clay  films  on  ped  faces;  few  coarse  and  fine  and  plentiful  medium 
roots;  25  percent  gravel;  slightly  acid  (pH  6.5);  gradual  wavy  boundary. 

Yellowish  brown  (lOYR  5/6)  stony  clay;  strong  coarse  angular  blocky 
structure;  common  medium  distinct  olive  gray,  olive  and  grayish 
brown  mottles;  common  moderately  thick  clay  films  on  ped  faces; 
plentiful  medium  and  few  fine  roots;  40  percent  stone  and  gravel; 
slightly  acid  (pH  6.4). 
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SOIL  PROFILE  DESCRIPTIONS  (con.) 

Unit  19.  —  Typic  CryoboroU  (fine  mixed) 

Parent  Material:    Silstone,  shale  conglomerate 

Slope:    27  percent,  complex,  north  aspect 
Drainage:    Well  to  moderately  well  drained 
Elevation:    7,800  ft. 

ary. 

Horizon 

Al 

A3 

Depth 
(inches) 

0-1^2 

11/2-4 

B21t 

B22t 

4-15 

15-23 

323t 23-40 

Bib 40-55 

Landform:    Scarp  slope 
Erosion:    None  apparent 
Vegetation:    Snowberry,  canna  sage,  lupine, 

geranium,  mountain  brome,  carex, 
tarweed 

Description 

Reddish  brown  (5YR  5/4)  loam,  reddish  brown  (5YR  5/4)  moist; 
weak  coarse  platy  structure;  hard,  friable,  slightly  sticky,  slightly 

plastic;  plentiful  very  fine  roots;  common  coarse  tubular  and  few 
medium  tubular  pores;  neutral  (pH  7.0);  abrupt  smooth  boundary. 

Reddish  brown  (2.5YR  4/4)  light  clay  loam,  dark  reddish  brown 
(2.5YR  3/4)  moist;  weak  coarse  platy  breaking  to  moderate  medium 
subangular  blocky  structure;  hard,  firm,  slightly  sticky,  slightly 
plastic;  plentiful  fine  roots;  few  fine  and  medium  pores;  neutral; 
abrupt  smooth  boundary. 

Red  (2. SYR  4/6)  clay  loam,  dark  red  (2.5YR  3/6)  moist;  weak  coarse 
prismatic  breaking  to  weak  medium  subangular  blocky  structure; 
hard,  firm,  sticky,  plastic;  abundant  very  fine,  plentiful  fine,  and  few 
medium  roots;  few  fine  and  coarse  interstitial  and  common  medium 

pores;  neutral  (pH  7.0);  clear  wavy  boundary. 

Red  (2.5YR  5/6)  clay  loam,  red  (2.5YR  4/6)  moist;  weak  medium 
prismatic  breaking  to  moderate  medium  subangular  blocky  structure; 
hard,  firm,  slightly  sticky,  slightly  plastic;  common  thin  clay  films  on 
ped  faces,  in  pores,  and  colloid  stains  on  mineral  grains;  plentiful  fine, 
few  very  fine  and  medium  roots;  common  medium  interstitial  pores; 
neutral;  gradual  wavy  boundary. 

Red  (lOR  5/6)  clay,  red  (lOR  4/6)  moist;  moderate  fine  prismatic 
breaking  to  moderate  very  fine  subangular  blocky  structure;  very 
hard,  very  firm,  very  sticky,  very  plastic;  common  moderately  thick 
clay  films  on  ped  faces  and  as  bridging;  plentiful  fine  and  few  medium 
roots;  common  medium  and  few  fine  pores;  neutral  (pH  7.0);  abrupt 
irregular  boundary. 

Red  (lOR  4/6)  sandy  clay  loam,  dark  red  (lOR  3/6)  moist;  weak  medi- 
um subangular  blocky  breaking  to  moderate  fine  granular  structure; 

few  thin  clay  films  as  bridging;  few  fine  and  medium  roots;  common 

fine  and  few  medium  pores;  3"  thick  clay  pockets  7"-8"  in  length  as 
lenses;  neutral  (pH  7.0);  clear  irregular  boundary. 

(continued) 
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SOIL  PROFILE  DESCRIPTIONS  (con.) 

Unit  19.  —  Typic  Cryoboroll  (fine  mixed)  (con.) 

B21tb 55-71 

B22tb 

CI 

71-80 

80-95 

Red  (lOR  5/6)  clay,  red  (lOR  4/6)  moist;  moderate  coarse  angular 
blocky  breaking  to  moderate  fine  subangular  blocky  structure; 
extremely  hard,  very  firm,  very  sticky,  very  plastic;  common  thin 
clay  films  on  ped  faces,  in  pores,  and  as  bridging;  plentiful  medium 
roots;  few  medium  and  fine  pores;  neutral  (pH  7.0). 

Red  (lOR  5/6)  clay,  red  (lOR  4/6)  moist;  strong  coarse  angular 

blocky  structure;  very  hard,  very  firm,  very  sticky,  very  plastic;  com- 
mon moderately  thick  clay  films  on  ped  faces  and  as  bridging; 

neutral  (pH  7.0). 

Light  red  (lOR  6/6)  silty  clay  loam,  red  (lOR  4/6)  moist;  massive; 
very  hard,  firm,  sticky,  and  plastic. 
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SOIL  PROFILE  DESCRIPTIONS  (con.) 

Unit  20.  —  Lithic  Ci-yoboioli  (shallow  mixed) 

Parent  Material:    Medium  to  fine  sandstone  and 
siltstone 

Slope:    8-10  percent,  complex,  south-southwest 
aspect 

Drainage:    Well  drained 
Elevation:    7,800  ft. 

Landform:    Residual 

Erosion:    Slight  sheet 
Vegetation:    Big  sagebrush,  rabbitbrush, 

lupine,  Indian  paintbrush,  fescue 

Depth 
I  Horizon        (inches) 

Ap 

Al 

B2t 

B3 

R 

Description 

0-1  Reddish  (5YR  5/2)  loam,  dark  reddish  gray  (SYR  4/2)  moist;  weak 
medium  platy  breaking  to  weak  very  fine  granular  stmcture;  soft, 
friable,  very  few  fine  roots;  slightly  effervescent;  clear  smooth 
boundary. 

1-4  Reddish  brown  (5YR  5/3)  gravelly  sandy  loam,  reddish  brown  (5YR 
4/3)  moist;  weak  medium  subangular  blocky  breaking  to  weak  fine 
granular  structure;  slightly  hard,  friable;  few  micro  and  plentiful  fine 
and  medium  roots;  20  percent  gravel;  slightly  effervescent;  clear  wavy 
boundary. 

4-8  Red  (2.5YR  4/6)  cobbly  sandy  clay  loam,  dark  red  (2.5YR  3/6)  moist; 
moderate  medium  subangular  blocky  breaking  to  moderate  fine 
granular  structure;  hard,  firm,  sticky,  plastic;  common  thin  clay  films 
on  ped  faces  and  as  bridging;  few  micro  and  fine  and  very  few  medium 
roots;  20  percent  cobble  and  gravel;  effervescent;  clear  wavy  boundary. 

8-15  Red  (lOR  5/6)  very  cobbly  loam,  red  (lOR  4/6)  moist;  moderate  fine 
subangular  blocky  structure;  slightly  hard,  friable,  slightly  sticky, 
common  thin  clay  films  on  ped  faces  and  as  bridging;  plentiful  fine 
and  few  medium  and  coarse  roots;  75  percent  cobble  and  gravel; 
effervescent;  abrupt  irregular  boundary. 

15-24  Well  weathered  parent  rock,  noncalcareous;  sandy  siltstones  and  thin 
fissile  shale,  well  fractured,  has  some  translocated  clay  in  fractures  and 
on  underside  of  cobble. 
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SOIL  PROFILE  DESCRIPTIONS  (con.) 

Unit  21.  —  Argic  Cryoboroll  (fine  loamy  mixed) 

Parent  Material:   Shale,  conglomerate  Landform:    Residual  slope 
Slope:    38  percent,  complex,  north  aspect  Erosion:    None  apparent 
Drainage:    Well  drained  Vegetation:    Aspen,  grass,  forbs 
Elevation:    7,800  ft. 

Depth 
Horizon        (inches)  Description 

Al  0-3  Dark  brown  (7. SYR  3/2)  loam,  very  dark  brown  (7. SYR  2/2)  moist; 
moderate  very  fine  granular  structure;  soft,  friable,  abundant  micro 
and  plentiful  fine  roots;  neutral  (pH  7.0);  clear  smooth  boundary. 

A3  3-11  Reddish  brown  (SYR  4/3)  loam,  dark  reddish  brown  (SYR  3/3)  moist; 
weak  medium  subangular  blocky  breaking  to  moderate  very  fine  granu 

lar  structure;  slightly  hard,  friable;  plentiful  micro  and  medium,  abun- 
dant fine,  and  few  coarse  roots;  neutral  (pH  7.0);  clear  smooth 

boundary. 

Bl  11-25  Reddish  brown  (2. SYR  4/4)  clay  loam,  dark  reddish  brown  (2. SYR 
2/4)  moist;  moderate  medium  subangular  blocky  structure;  slightly 
hard,  firm,  slightly  sticky,  slightly  plastic;  common  moderately  thick 
clay  films  on  ped  faces  and  in  pores;  plentiful  coarse  and  medium  and 
few  fine  roots;  common  fine  pores;  neutral  (pH  7.0);  gradual  smooth 
boundary. 

B21t  25-45  Reddish  brown  (2. SYR  4/4)  clay  loam,  dark  reddish  brown  (2. SYR 
2/4)  moist;  strong  medium  subangular  blocky  structure;  hard,  firm, 

sticky,  plastic;  many  moderately  thick  clay  films  on  ped  faces;  plenti- 
ful medium  and  few  fine  and  coarse  roots;  common  medium  pores; 

neutral  (pH  7.0);  gradual  smooth  boundary. 

B22t  45-64  Red  (lOR  4/6)  sandy  clay  loam,  dark  red  (lOR  3/6)  moist;  weak 
coarse  subangular  blocky  structure;  slightly  hard,  firm,  sticky, 
plastic;  few  thin  clay  films  as  bridging;  few  fine  roots;  common 
medium  pores;  neutral  (pH  7.0);  gradual  smooth  boundary. 

llB23t  64-76  Red  (lOR  5/6)  gravelly  clay  loam,  red  (lOR  4/6)  moist;  weak  coarse 
angular  blocky  structure;  hard,  firm,  sticky,  plastic;  few  thin  clay 
films  on  ped  faces,  in  pores,  and  as  bridging;  very  few  fine  roots; 
common  fine  pores;  25  percent  angular  gravel;  neutral  (pH  7.0); 
gradual  wavy  boundary. 
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SOIL  PROFILE  DESCRIPTIONS  (con.) 

Unit  22.  —  Typic  Cryoboroll  (clayey  skeletal  mixed) 

Parent  Material:    Mixed  siltstone,  shale, 

scliist,  pegmatite 

Slope:   20  percent,  complex  northeast  aspect 
Drainage:    Well  drained 
Elevation:    7.700  ft. 

Landform:    Mudslide  or  rockslide 

Erosion:    None  apparent 

Vegetation:    "Scrubby"  aspen,  snow  berry, 
wyethia,  tarweed 

Depth 
Horizon        (inches) 

M] 

irse 

Al 

Bl 

0-2 

2-12 

B21t 12-24 

B22t 24-35 

35+ 

Description 

Brown  (7. SYR  5/2)  gravelly  light  clay  loam,  dark  brown  (7.5YR 
4/2)  moist;  weak  fine  granular  structure;  hard,  friable,  slightly 
sticky,  slightly  plastic;  very  few  micro  roots;  common  fine  pores;  25 
percent  gravel;  slightly  acid  (pH  6.5);  abaipt  irregular  boundary. 

Light  reddish  brown  (5YR  6/3)  cobbly  clay  loam,  reddish  brown 
(5YR  5/3)  moist;  moderate  medium  subangular  blocky  stmcture; 

hard,  firm,  sticky,  plastic;  plentiful  fine  and  few  medium  roots;  25 
percent  angular  gravel  and  cobble;  medium  acid  (pH  6.0);  gradual 
irregular  boundary. 

Light  reddish  brown  (5YR  6/4)  very  cobbly  clay;  strong  medium 
subangidar  blocky  structure;  very  hard,  firm,  sticky,  plastic;  comm.on 
moderately  thick  to  thin  clay  films  on  ped  faces;  plentiful  medium  and 
few  fine  roots;  65  percent  angular  cobble;  very  strongly  acid  (pH  5.0); 
gradual  irregular  boundary. 

Reddish  yellow  (5YR  6/6)  very  cobbly  clay,  yellowish  red  (5YR  5/6) 
moist;  moderate  fine  angular  blocky  structure;  very  hard,  firm,  sticky, 
plastic;  many  thick  clay  films  on  ped  faces  and  in  pores,  pressure 
faces  on  few  peds;  very  few  medium  roots;  85  percent  angular  cobble 
and  stone;  very  strongly  acid  (pH  4.5);  abrupt  irregular  boundary. 

Well  weathered  to  partially  decomposed  rock  fragments  consisting  of 
pegmatites,  gneiss,  and  schist  in  a  clayey  matrix;  no  oriented  clays; 
considerable  micaceous  material  in  the  matrix. 
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Table  7.  —  Laboratory  analysis  of  Chicken  Creek  soils  as  shown  on  Soil  Classification  Map 

Horizon Depth 

k. 

Sand 

;oil  texture 

Organic 

matter^ 

Rock  >2mm. 

by  weight 

Moisture  content Bulk 

Unit Silt 

Clay 

1/3  atm. 
15  atm. 

density 

(Inches) —  Percent   

10 All 0-1 65.8 
20.6 13.6 

9.9 
59.4 12.0 9.5 

A12 1-5 60.6 25.2 14.2 4.6 
49.7 10.1 6.6 

B2t 5-9 53.4 
26.4 20.2 

2.5 
45.4 9.8 7.7 

C 9-12 53.0 25.0 22.0 2.0 45.6 11.2 7.3 

R 12-14+ 

11 Al 0-3 67.0 19.8 13.2 
3.9 

18.0 
9.6 

3.8 
0.55 

A3  or  Bl 3-9 62.6 22.6 14.8 
2.9 

16.1 8.9 
3.2 

1.25 

11B21 9-16 66.6 18.6 14.8 
1.2 

34.5 8.0 4.1 1.24 

llB22t 16-26 69.2 19.0 11.8 1.3 19.7 
7.4 

2.6 

llCl 26-35 79.6 13.2 7.2 

0.3 
14.3 5.3 1.8 

R 35-44 82.6 11.8 5.6 2.2 4.1 1.6 

12 All 0-3 62.6 21.2 16.2 
3.2 

17.8 11.0 

4.2 
0.54 

A12 3-12 58.0 26.0 16.0 
2.7 22.7 

8.9 5.6 1.07 
B22t 12-23 56.2 25.2 18.6 1.0 

29.6 
9.0 3.9 

1.28 
B23 23-56 65.0 22.2 12.8 0.4 32.8 8.2 3.3 

1.38 
C 56-60 70.0 20.4 9.6 29.4 6.9 3.1 1.28 
R 

60+ 
13 All 0-1 50.4 32.2 17.4 10.8 33.8 19.4 10.8 0.37 

A12 1-12 39.4 37.8 22.8 
4.2 

23.1 13.7 
8.1 1.22 

llBlt 12-21 53.2 29.6 17.2 0.9 45.5 9.6 4.5 1.28 
llB2t 21-33 51.8 27.8 20.4 0.5 51.4 10.0 5.1 

llB3t 33-40 51.0 27.0 22.0 0.6 
48.8 

8.9 
4.8 1.27 

CI 40-48+ 
50.6 27.0 22.4 0.5 

51.6 
9.1 5.1 

14 Al 0-2 -  - 

. . 

0.41 

A2 2-8 56.4 27.0 16.6 2.3 
25.8 10.6 5.5 

0.95) 
B21t 

8-17 
58.6 24.2 17.2 2.5 30.1 

9.7 
4.5 

0.861 
B22t 17-27 55.0 27.8 17.2 1.9 

31.4 
11.0 

7.0 
1.01 

B3 27-33 58.6 24.2 17.2 0.8 32.9 9.4 
5.3 

1.18 
R 

33-40+ 
78.6 11.2 10.2 55.7 

6.8 5.1 

16 Al 0-2 .  - 
- . 

- . 

,   _ . . 

0.66 

Bl 
2-14 

43.2 
28.6 

28.2 2.8 6.9 11.0 
6.9 

1.30 
B21t 14-22 46.6 25.0 28.4 1.6 

7.5 
10.3 6.3 

1.37 

B22t 22-34 58.0 19.6 22.4 0.6 9.3 7.2 3.7 1.55 

B3 34-55 47.4 22.4 30.2 
0.4 

5.0 
9.5 5.8 1.75 
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Table  7.  —  Laboratory  analysis  of  Chicken  Creek  soils  (con.) 

Soil  texture'  Moisture  content 
      Organic    Rock  >2mm.  Bulk 

Unit       Horizon         Depth           Sand           Silt           Clay       matter'       by  weight        1/3  atm.    15  atm.     density 

(Inches)       Percent     -  - 

18  All  0-1  50.2  31.6  18.2  7.3  14.9  16.0  7.6  0.48 

A12  1-11  44.8  33.8  21.4  4.5  9.4  12.0  6.5  0.95 

B21t  11-15  46.8  26.2  27.0  1.5  12.8  10.8  6.8  1.44 

B22t  15-18  49.8  23.2  27.0  1.2  12.8  10.7  6.1 

B23tg  18-25  59.8  14.8  25.4  1.3  42.3  10.0  4.1         1.37 

Cg  21-30  56.2  19.4  24.4  1.4  52.3  7.4  7.1 

19  Al  0-l'/2  41.2  33.0  25.8  2.7  0.9  12.2  6.1  0.61 

A3  11/2-4  35.4  35.2  29.4  2.9  0.3  11.7  7.7  1.13 

B21t  4-15  34.6  35.0  30.4  2.3  0.3  10.4  8.5  1.45 

B22t  15-23  40.2  32.4  27.4  1.6  0.8  10.1  8.0  1.54 

B23t  23-40  30.8  28.8  40.4  1.0  0.1  10.8  3.9 

Bib  40-55  55.2  23.4  21.4  0.4  0.3  8.0  5.9 

B21tb  55-71  26.8  31.8  41.4  --  0.4  11.6  7.9        1.60 

B22tb  71-80  22.2  37.2  38.6  --  0.11  11.8  8.1 

CI  80-95  13.4  42.0  44.6  --  40.8  11.0  8.6 

20  Ap  0-1  44.8  31.6  23.6  6.7  19.1  12.5  6.3  0.48 

Al  1-4  52.4  28.2  19.4  5.4  26.2  12.4  8.2  1.13 

B2t  4-8  49.0  31.2  19.8  3.3  37.7  10.8  7.1  1.45 

B3  8-15  47.4  32.6  20.0  2.0  40.3  10.1  6.5  1.27 

R  15-24  51.4  30.2  18.4  1.8  55.3  9.6  6.5 

Al 0-3 40.4 36.4 23.2 8.4 3.4 12.8 13.0 0.39 

A3 3-11 38.4 36.6 25.0 6.6 

3.0 
14.0 12.7 

0.98 
Bl 11-25 35.0 33.8 31.2 3.0 5.5 15.8 

10.9 

B21t 25-45 35.0 32.8 32.2 2.0 6.0 11.4 9.1 1.27 
B22t 45-64 49.0 21.6 29.4 0.7 12.0 

8.4 
6.7 

llB23t 64-76 44.8 22.8 32.4 28.6 10.1 7.1 

^Texture:    duplicate    textured   analyses   were  made  on   bulk  samples  using  the   "Improved  Hydrometer 
Method"  (Bouyoucos  1962). 

^Organic  Matter:  the  potassium  permanganate  test  was  used  to  determine  Ihe  percent  organic  matter  for 
each  horizon  (Schollenberger  1945). 
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Table  8.  —  Streamflow  from  the  Chicken  Creek  watersheds 

Water 

year 

Month 1965-66 1966-67 1967-68 1968-69 1969-70 

Avg. 

  Inch 

WEST  BI 

£>Q    ---.-.- 

lANCH 

October 0.10 0.07 0.09 0.48 
0.16 

0.1^ 
November .16 

.17 .12 
.43 

.21 .2: December .25 .10 .13 .30 .14 .n January 
.18 .11 .13 

.32 
.74 .3C 

February .15 .12 .23 .26 
.22 

.2( 
March 

.26 
.29 .33 .36 .56 

.36 
April 3.41 

.52 
1.02 

4.55 

.54 

2.01 
May 

4.73 11.09 11.31 14.42 14.35 ll.lJ 

June 
.42 

4.87 5.00 2.12 4.35 3.3{ 
July .05 

.42 .22 
.96 

.37 

.4( August .02 .05 .21 .09 .68 .2: 
September .03 .04 .10 .05 .17 

.0? 
TOTAL  YEAR 9.78 17.85 18.88 24.35 21.99 

18.6' 

  Inch 

es   EAST  BRANCH 

October 0.06 0.08 0.10 0.23 0.15 0.1 

November .11 .20 .14 .23 .20 

.1 
December .13 .11 .07 

.14 .09 .J. January .13 .05 .06 .12 .17 

.1 

February 
.12 .04 

.12 .11 
.10 

.-Li 

March 
.28 .09 .13 .16 .09 

•0 April 2.74 
.18 .50 

2.89 

.24 

1.3 
May 

1.80 6.02 6.52 7.28 7.76 

5.8 

June .26 1.84 1.51 
.87 

2.30 
1.3 

July 
.07 

.22 .15 .47 .35 

.2 
August .04 .11 .19 .12 .15 

.1 

September .05 .06 
.10 

.04 .18 
•0 TOTAL  YEAR 5.79 9.01 9.57 12.68 11.79 9.C 
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COMMON  AND  SCIENTIFIC  NAMES  OF  SPECIES 

(Holmgren  and  Reveal  1966;  Beetle  1970) 

TREES  AND  WOODY  SHRUBS 

,20 

ler,  thinleaf  (Alnus  tenuifolia) 
)en  (Populus  tremuloides) 
ckcurrant,  Western  (Ribes  petiolare) 

)kecherry,  common  (Primus  virginiana) 
,  Douglas  (Pseudotsuga  menziesii) 
subalpine  (Abies  lasiocarpa ) 
white  (Abies  concolor) 

ly grape  (Mahonia  repens) 
leysuckle,  bearberry  (Lonicera  inuolucrata) 
izanita,  common  (Arctostaphylos  manzanita) 

Maple,  bigtooth  (Acer  grandidentatum) 
Oak,  Gambel  (Quercus  gambelii) 
Rabbitbrush,  Douglas  (Chrysothamnus  uiscidiflorus) 
Rabbitbrush,  rubber  (Chrysothamnus  nauseosus) 
Rose,  woods  (Rosa  woodsii) 

Sagebmsh,  big  (Artemisia  tridentata) 
Serviceberry,  Saskatoon  (Amelanchier  alnifolia) 
Snowberry  (Symphoricarpos  sp.j 
Willow  (Salix  spj 

18.6' 

i,35 

,21  „. 
GRASS  AND  GRASSLIKE 

?grass,  annual  (Poa  annua) 
grass,  Canada  (Poa  compressa) 
5grass,  Kentucky  (Poa  pratensia) 
me,  cheatgrass  (Bromus  tectorum) 
ime,  California  (Bromus  carinatus) 
me,  smooth  (Bromus  inermis) 

bkgrass,  common  (Catabrosa  aquatica) 
Tish,  panicled  (Scirpus  microcarpus) 
Bgrass,  prairie  (Koeleria  cristata) 
nagrass  (Glyceria  spJ 

Needlegrass,  Letterman  (Stipa  lettermani) 
Orchardgrass  (Dactylis  glomerata) 
Rush,  Baltic  (Juncus  balticus) 

Rush,  few-flowered  spike  (Eleocharis  pauciflorus) 
Sedge  (Carex  sp.j 
Sedge,  ovalhead  (Carex  festivella) 
Timothy,  alpine  (Phleum  alpmum) 
Wlieatgrass  (Agropyron  sp.j 
Wlieatgrass,  Western  (Agropyron,  smithii) 
Wildrye,  blue  (Elymus  gtaucus) 

FORBS 

KH- 

.Oseris,  orange  (Agoseris  aurantiaca) 

j3  r  (Aster  spJ 
amroot,  cutleaf  (Balsamorhiza  macrophylla) 

'^ 'ardtoadflax,  common  (Comandra  umbellata) 
l.Jitraw,  catchweed  (Galium  aparine) 

2srcress,  heartleaf  (Cardamine  cordi folia) 
bell,  mountain  (Mertensia  ciliata) 

■  )rchid,  white  (Habenaria  dilatata) 
.O'twheat,  wild  (Eriogonum  spJ 
ercup  (Ranunculus  gmelinii) 

gjass,  common  (Camassia  quamash) 

Checkermallow,  New  Mexican  (Sidatcea  neomexicana 
Chlorocrambe  (Chlorocrambe  hastata) 
Collomia  (Collomia  spJ 

Collomia,  narrowleaved  (Collomia  linearis) 
Coneflower,  Western  (Rudbeckia  occidentalis) 

Cowparsnip,  common  (Heracleum  lanatum) 
Dock,  curly  (Rumex  crispus) 
False  hellebore,  California  (Veratrum  calif ornicum ) 

Figwort,  lanceleaf  (Scrophularia  lanceolata) 
Geranium,  Fremont  (Geranium  fremontii) 
Geranium,  Richardson  (Geranium  richardsonii) 
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COMMON  AND  SCIENTIFIC  NAMES  OF  SPECIES 

(Holmgren  and  Reveal  1966;  Beetle  1970) 
(con.) 

FORBS  (con.) 

Gianthyssop  (Agastachi  urticifolia) 
Gilia,  skyrocket  (Gilia  aggregata) 
Goldenrod  (Solidago  spj 
Gromwell,  wayside  (Lithospermum  ruderale) 
Groundsmoke  (Gay ophy turn  spJ 
Groundsel,  butterweed  (Senecio  serra) 
Hawksbeard  (Crepis  spJ 
Horsetail,  Kansas  (Equisetum  kansanum) 
Paintbrush,  desert  Indian  (Castilleja  chromos) 

Knotweed,  Douglas  (Polygonum  douglasii) 
Larkspur,  Nelson  (Delphinium  nelsoni) 
Lomatium,  Nuttall  (Lomatium  nuttallii) 
Lupine  (Lupinus  spJ 
Meadowrue,  Fendler  (Thalictrum  fendleri) 
Milkvetch,  Utah  (Astragalus  utahensis) 
Mimulus  (Mimulus  tilingi) 
Monkshood  (Aconitum  columbianum) 
Onion  (Allium  sp.j 
Orobanche  (Orobanche  uniflora) 
Osmorhiza  (Osmorhiza  occidentalis) 

Owlclover,  yellow  (Orthocarpus  luteus) 
Pachistima,  myrtle  (Pachistima  myrsinites) 
Peavine,  thickleaf  (Lathyrus  lanszwertii) 
Penstemon,  Leonard  (Penstemon  leonardi) 
Penstemon,  stubflower  (Penstemon  breviflon 
Penstemon,  Wasatch  (Penstemon  cyananthus, 

Pepperweed,  clasping  (Lepidium  perfoliatum , 
Polemonium,  Western  (Polemonium  Occident 
Pussytoes,  small  leaf  (Antennaria  parvifolia) 
Salsify,  yellow  (Tragopogon  dubius) 
Sandspurry,  red  (Spergularia  rubra) 
Starwort,  chickweed  (Stellaria  media) 
Stickweed,  European  (Lappula  echinata) 
Stonecrop,  wormleaf  (Sedum  stenopetalum) 
Tansymustard,  pinnate  (Descurainia  pinnata) 
Tansymustard,  Western  (Descurainia  incisa) 
Tarweed,  cluster  (Madia  glomerata) 
Valerian,  Western  (Valeriana  occidentalis) 
Wyethis,  mulesear  (Wyethia  amplexicaulis) 
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Table  9.  —  Range  of  values  for  water  quality  parameters  measured  between  March  1  and 
October  12,  1971 

Item 

Conductivity 

(micro  mlios.  per  cm.) 

pH 
Calcium  (p. p.m.) 

Magnesium  (p. p.m.) 

Sodium  (p. p.m.) 

Potassium  (p. p.m.) 

Phosphorous  (total,  p. p.m. 

Nitrates  (p. p.m.) 

Bicarbonates  (p. p.m.) 

East  Branch 
West 

Min. 
Branch 

Min. Max. 
Max. 

70 
253 86 

342 
6.4 7.8 6.6 8.4 

5.0 19.9 12.4 36.0 

1.8 5.1 0.9 
6.7 

4.6 14.0 
3.1 

12.8 

0 
3.5 

0 7.0 

0.01 0.18 0.01 0.14 
0 0.15 0 0.15 

22.0 76.0 40.0 94.0 
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Table  10.  —  Results  of  water  analysis  of  samples  collected  from  the  sources  and  near  the  gages 
of  East  and  West  Chicken  Creek,  July  19, 1971 

East  Branch 
West  Branch 

Item Source 
Gage 

Source 

Gage 

Conductivity 

(micro  mhos,  per  cm.) 231.20 253.10 182.80 342.1 

pH 
7.10 7.10 7.04 

7.0 Total  dissolved  solids 

@221°  F. 
148.00 162.00 118.00 219.0 

Total  hardness  (CaCOs)' 
52.00 56.00 55.50 

102.0 

Total  alkalinity  (CaCOj ) 72.00 78.00 58.00 112.0 

Bicarbonate  (HCO3 ) 87.20 94.50 70.20 135.0 

Calcium  (Ca) 17.60 20.08 14.05 32.0 

Carbonate  (CO3 ) 1.30 2.30 1.00 1.4 

Chloride  (CI) 6.00 10.00 6.00 14.0 

Copper  (Cu) 0.30 0.05 0.02 0.0 

Fluoride  (F) <0.01 <  0.01 <0.01 
0.0 

Iron  (total  Fe) 0.08 0.42 0.20 0.4 

Iron  (filtered  Fe) 0.06 0.36 0.20 0.3 

Magnesium  (Mg) 1.90 1.40 5.08 5.2 

Manganese  (Mn) 0 0.80 0.01 0.0 

Nitrate  (NO3 ) 0.10 0.16 0.12 0.1 

Nitrite  (NO.  ) 0 0.05 0.01 0.0 

Kjeldahl  nitrogen  (TKN) 0.25 1.02 0.40 0.6 

Ammonia  nitrogen  (NH3 ) 0.20 0.75 0.25 0.5 

Organic  nitrogen 0.05 0.27 0.15 0.1 

Phosphate  (total  P) 0.02 0.06 
0.02 

O.G 

Potassium  (K) 9.00 9.15 5.10 6.0 

Silica  (SiOj ) 0 0.90 0 0.3 

Sodium  (Na) 16.00 18.00 8.00 
19.C 

Sulfate  (SO4  ) 10.50 9.50 9.15 8.C 

Zinc  (Zn) 0.02 0.04 
0.02 

O.C 

Temperature  (°F.) 
45.70 59.9 44.50 65.C 

Biochemical  oxygen 

demand  (BOD) 0.30 1.20 0.40 

0.(r 

Total  coliform  bacteria 

(per  100  ml.) 21 120. 

<3 
25 

Discharge  (c.f.s.) 0.06 
o.:i 

'  Results  are  listed  as  parts  per  million  unless  otherwise  noted.  In  addition,  the  following  were  not  found  i 
the  water  sampled:  Aluminum  (Al),  Arsenic  (As),  Barium  (Ba),  Boron  (B),  Cadmium  (Cd),  Chromium  (Cr, 
Cyanide  (Cn),  Lead  (Pb),  Mercury  (Hg),  Ortho  phosphate  (P),  Selenium  (Se),  and  Silver  (Ag). 
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DEPTH  OF  SURFACE  LAYER 

LEGEND: 

- —   Watershed  Boundary 

'         Gaging  Station 
Road 

  Stream 

DEPTH  (ft.) 

<5 

5-10 

10-15 

15-20 

>20 
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LOCITY  OF  SECOND  LAYER 

GEND: 

     Watershed  Boundary 
•         Gaging  Station 
— *■     Road 

3000 

5000 

5000 

-OCITY  (f.p.s.) 

I     <3000 

I        3-5000 

3000  3000 

5-8000 

>8000 
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SOIL  CLASSIFICATION  MAP 

LEGEND: 

■   Watershed  Boundary 

-^        Gaging  Station 
Road 

Soil  Type 

Gneissic  Loams     ̂ ^j^    Shale  &  Siltstone  S( 

DeepColluvium    H^^l    Deep  Alluvium 

Land  Flows Schistose  Loams 
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VEGETATION  TYPE  MAP 

.EGEND: 

   Watershed  Boundary 

-0-  Gaging  Station 
■  Road 

^^^~~\  Vegetation  Type 
Numbers  refer  to  minor  variations 

n  vegetation  types  and  are  not 

(therwise  referred  to  in  this  paper) 

Sagebrush 

Conifers 

Wet  Meadow 













Headquarters  for  the  Intermountain  Forest  and 
Range  Experiment  Station  are  in  Ogden,  Utah. 

Field  Reseai'ch  Work  Units  are  maintained  in: 
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ABSTRACT 

The  Forest  Service  is  faced  with  a  need  for  specification  of  the 
goals  that  guide  National  Forest  management.  Without  clear  goals, 

management  action  cannot  be  properly  judged  as  to  adequacy  of  per- 
formance. The  needed  specification  cannot  readily  be  found  in  For- 

est Service  publications  or  management  statements.  This  apparent 
absence  of  goals  stems  in  part  from  a  lack  of  focus  on  the  role  of 

goals  in  decisionmaking,  and  from  the  w^ording  of  the  legislation. 

Contrary  to  widely  held  belief,  this  study  finds  that  the  legisla- 
tion, though  often  broadly  stated,  does  provide  the  necessciry  guide- 
lines to  develop  a  fairly  clear  mandate  to  gviide  Forest  Service  activi- 
ties. When  viewed  as  an  integrated  and  evolving  set  of  laws,  the  legis- 

lation establishes  the  goal:  Maximize  the  sum  of  the  weighted  values 
of  the  National  Forest  resources.  Subject  to  specified  constraints, 
this  means  that  all  the  resources  of  the  forest  are  to  be  managed  in  a 

manner  that  maximizes  their  aggregated  value,  as  opposed  to  maxi- 
mizing the  value  of  any  one  resource  in  isolation.  The  weights  to  be 

applied  are  not  specified.  A  descriptive  decisionmaking  model  that 
can  guide  the  agency  toward  greater  fulfillment  of  its  management 
objectives  is  presented. 

Establishment  of  priorities  without  clear  reference  to  the  over- 
riding goal  has  led  to  agency  practice  that  is  subject  to  criticism. 

Recent  agency  actions,  however,  show  indications  of  awareness  of 
the  proper  direction  to  be  followed.  In  the  areas  of  budgetmaking 

and  public  involvement,  serious  problems  must  be  solved.  Strength- 
ening the  ability  to  demonstrate  the  consequences  of  alternative 

actions  will  be  an  essential  step  toward  solutions  and  will  help  to 

establish  goal-oriented  decisionmaking. 
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NOTE 

This  Research  Paper  reports  the  results  of  research  done  by 
Dr.  Alston.  The  research  on  which  this  report  is  based  was 
funded  under  a  cooperative  agreement  with  Weber  State 
College. 

This  research  was  undertaken  to  gain  insights  into  Forest 
Service  policy  problems.  The  conclusions  reached  are  those  of 
Dr.  Alston.  They  represent  the  results  of  his  exploration, 
analysis,  and  interpretation. 

The  field  of  policy  consideration  is  controversial  and  pro- 
fessional researchers  have  varying  approaches.  The  Intermoun- 

tain  Forest  and  Range  Experiment  Station  believes  that 

Alston's  work  ably  presents  a  significant  point  of  view. 
Of  necessity,  reference  has  been  made  in  this  study  to 

many  sources  not  easily  available  to  the  public.  Any  questions 
on  these  items  may  be  addressed  to  the  author. 



PREFACE 

A  large  organization  under  pressure  is  much  Tike  a  person. 

Often  personal  crises  trigger  a  much-needed  self-evaluation.  A 
traumatic  experience  may  alter  future  direction  significantly. 

Frequently  an  outsider  —  a  minister,  an  acquaintance,  or  even 
a  stranger  —  can  provide  insight  and  perspective  on  the  prob- 

lem not  available  from  those  immediately  concerned. 

The  Forest  Service  has  experienced  just  such  a  crisis  in  re- 
cent years.  Prompted  by  public  criticism,  the  agency  has 

taken  a  hcird  look  at  where  it  has  been  and  has  attempted  to 

determine  the  proper  direction  for  the  future.  Agency  per- 
sonnel have  investigated  problem  areas,  such  as  those  in 

Montana  and  Wyoming.  For  the  agency,  as  for  the  individual, 
however,  often  it  is  helpful  to  get  an  outside  view,  from  the 
perspective  of  someone  not  closely  connected  with  the 
agency  or  its  activities,  and  unaffected  by  preconceived  ideas 
about  Forest  Service  goals. 

Because  the  study  of  economics  is  concerned  with  many 

aspects  of  choice  and  decisionmaking,  the  Intermountain  Sta- 
tion turned  to  this  field  for  assistance.  Economists  have  only 

recently  concerned  themselves  with  the  actual  process  of  goal 
formulation.  Many  economists  have  returned  to  the  original 
foundations  of  their  field  and  have  come  to  emphasize  what 

is  called  "political  economics,"  showing  greater  concern  for 
the  interrelationships  between  the  sociopolitical  environment 
and  the  actual  goal  formulation  process.  Not  only  can  the 

economist  serve  in  technical  situations  of  choice  among  alter- 
natives, but  he  can  play  an  important  role  in  gleaning  out  of 

seemingly  imprecise  and  vague  directions  a  decisionmaking 
framework  that  will  enhance  the  probability  of  achieving 
such  goals. 

The  study  shows  the  economic  orientation  of  the  author, 
but  was  written  primarily  with  the  professional  land  manager 
and  the  interested  public  in  mind.  It  is  hoped  that  the  con- 

clusions reached  will  be  useful  in  future  planning. 

in 
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ORGANIZATION  CHART 

U.S.  DEPARTMENT  OF  AGRICULTURE 
FOREST  SERVICE 

NATIONAL  FOREST  SYSTEM  STATE  AND  PRIVATE  FORESTRY RESEARCH 

Figure  1.  —  The  organization  of  the  Forest  Service,  shown  in  this  chart,  encompasses  varied  actiu 
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This  study  deals  with  the  place  of  goals  in 

-  ecisionmaking  in   the   particular  context  of 
le  Forest  Service.  It  is  not  meant  to  be  a  po- 

_'mical  tract,  although  it  hopes  to  chart  a  new 
Durse.  It  explores  and  perhaps  illuminates  an 

_Jlready   existing   but   not  clearly  recognized 

— jath  to  improved  management  and  decision- 
aking. 

The  Forest  Service,  like  most  organiza- 
ons,  arose  in  response  to  a  specific 

•oblem  —  how  to  manage  the  nation's  vast 
mber  resources  to  meet  the  needs  of  the 

merican  people.  This  study  attempts  to  take 

in-depth  look  at  how  the  organization 
hich  emerged  to  handle  that  problem  cein 
fine  and  evaluate  its  mandate  so  as  to  attain 

!  objectives. 

,geme( The  Management  Job: 
The  Forest  Service  View 

Forest  Service  responsibility  lies  in  three 
tinct  areas:  (1)  Administration  of  National 
irests  and  certain  other  Federal  lands; 
)  State  and  private  forestry  cooperation; 

iid  (3)  research  (fig.  1).  It  is  "charged  with 
^iponsibility  for  the  technical  phases  ...  of 

restry  activities"  within  the  Department  of 
Iriculture.  The  Forest  Service  line-staff  or- 
tiization  as  described  in  the  official  Forest 

wice  Manual  is  designed  to  enable  the 
)st  effective  fulfillment  of  those  assigned 
ponsibilities: 

emenl 

rhe  organization  is  designed  to  provide  a  clear- 
:ut,  two-way  channel  for  the  transmission  of 
policy  and  instruction  from  the  top  to  the  bot- 
'.om  and  for  the  flow  of  recommendations  and 
iccountability  from  the  bottom  to  the  top.  Be- 
;ause  the  Chief  of  the  Forest  Service  is  respon- 
ible  for  all  its  work  he  must  have  the  means  of 

issigning  work  and  authority  to  subordinate  of- 

Sec.  1202,  Amendment  119,  1964. 

ficers  and  units  with  assurance  that  the  work 

will  be  accomplished  in  accordance  with  his 
policies  and  other  requirements.  In  short,  the 
organization  is  essentially  an  extension  of  the 

physical  and  mental  facilities  of  tlje  Chief.  The 
diversity  and  geographical  diffusion  of  Forest 

Service  work  require  a  clear,  well-understood, 
well-coordinated,  and  efficient  organization. 

The  statement  suggests  a  tightly  knit  or- 
ganization that  would  prevent  any  major  de- 

partures from  well-recognized  and  nationally 
held  objectives.  The  existence  of  such  an  or- 

ganization is  open  to  question,  however.  The 
remainder  of  this  paper  may  shed  some  light 
on  this  matter. 

The  Critics'  View 

Anyone  interested  in  forest  management  is 
well  aware  of  the  criticism  that  has  recently 
been  leveled  at  the  Forest  Service.  As  Sterling 

(1970,  p.  24)  puts  it,  "The  United  States  For- 
est Service  catches  hell  from  everyone  these 

days.  Every  action  it  takes,  or  doesn't  take, 
starts  a  public  argument  of  some  sort.  And  no 
matter  what  the  result,  the  agency  always 

seems  to  lose."  At  the  heart  of  part  of  the 
current  controversy  is  the  clearcutting  issue 
(see  Burk  1970).  But  the  roots  of  the  problem 

are  much  deeper  thain  any  particular  silvicul- 
tural  practice.  Even  if  clearcutting  were  to 
cease  there  is  little  reason  to  think  that  the 

controversy  would  be  over  (fig.  2).  As  the  Wall 
Street  Journal  (p.  24,  June  4,  1971)  reports, 
the  Forest  Service  is  coming  under  increasing 

attack  as  it  smarts  under  the  critics'  claims 
that  it  has  allowed  damage  to  the  public  tim- 

berlands.  The  Journal  contends  that  "the  gov- 
ernment's green-clad  foresters  have  changed 

from  white  hats  to  black  hats  .  .  .  The  un- 
accustomed role  of  black  hat  has  prompted 

some  painful  self-analysis  by  the  proud  and 

somewhat  stiff-necked  forester  corps." 



Figure  2.  —  Clearcutting  in  some  areas  has  aroused  controversy.  In  this  lodgepole  pine  stand  on 
the  Lewis  and  Clark  National  Forest,  clearcutting  in  the  foreground  area  was  followed  by 
dozer  piling  and  scarification.  The  stands  of  young  trees  on  most  of  the  older  units  haui 
been  thinned. 

A  Search  for  Goals 

There  appears  to  be  a  general  consensus 

among  critics  that  the  agency  has  no  overrid- 
ing goals  and  objectives,  and  in  the  absence  of 

such  goals  is  subject  to  pressure  by  sundry 
vested  interest  groups.  The  indictment,  as  fair 
as  it  goes,  may  or  may  not  be  correct.  In 

either  case  such  criticisms  simply  don't  go 
deep  enough  to  provide  solutions  to  the  per- 

ceived problems.  The  emphasis  should  not  be 

on  fixing  blame;  rather,  efforts  should  be  fo- 
cused on  getting  at  the  root  of  the  problem 

and  moving  on  with  the  job  that  must  be 
done.  Furthermore,  the  conclusions  of  the 
critics  may  be  the  result  of  three  different 

possibilities. 
First,  they  may  be  looking  in  the  wrong 

place  for  the  organization's  goal.  Whereas 
most  critics  attempt  to  spell  out  a  land  man- 

agement or  production  goal,  the  agency  may 
simply  be  seeking  an  internal  goal  of  survival 
by  striking  a  balance  among  competing  forces. 

But  as  Sterling  (1970,  p.  24)  argues,  echoiri 
many  other  equally  vocal  critics, 

.  .  .  tragically,  nothing  could  be  further  from 
the  truth.  There's  been  no  "balance"  at  all.  The 
complaints  on  both  sides,  in  fact,  are  completely 
justified  and  the  final  compromises  reflect,  ra- 

ther than  harmony,  an  appalling  lack  of  leader- 
ship. The  truth  is  that  the  Forest  Service  has  no 

policy.  It  charts  no  national  course.  It  simply 
blows  where  the  political  storms  blow  it,  riding 
the  middle  of  the  wind,  heading  for  no  port, 
bent  only  on  somehow  keeping  afloat. 

When  divergent  interests  are  strongly  he^ 

by   different  groups,  even  compromise  mi 
not  yield  a  satisfactory  solution.  An  attem 
to  steer  a  middle  course  between  vested  int(C 

est  groups,  a  practice  referred  to  as  "satisfi 
ing,"  may  prove  disastrous. 

Second,  the  apparent  lack  of  goals  may 

just  that  —  apparent.  There  is  no  reason  to  &i 
that  actions  taken  or  not  taken  by  the  Forei 
Service  are  irrational  or  pursue  no  specific  cc. 
jective  simply  because  they  do  not  yield  t 

results  or  follow  the  precepts  of  any  giv' 
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•oup  or  person.  The  Forest  Service  may  in- 
?ed  be  pursuing  rational  and  well-coordi- 
ated  land  management  policies,  but  if  this  is 
),  then  the  real  problem  is  a  communications 

ip  (some  would  say  a  gaping  canyon)  be- 
veen  the  foresters  and  the  general  public, 

here  may  simply  be  an  enormous  public  rela- 
ons  problem. 
Both  of  these  explanations  of  the  absence 

[  identifiable  goals  in  Forest  Service  practice 
ay  contain  more  than  a  grain  of  truth.  We 

innot  determine  their  validity,  however,  un- 

1  we  have  explored  a  third  possible  explana- 
on  —  the  subject  of  this  study.  It  is  that  the 
orest  Service  may  have  failed  in  the  past  to 
illy  recognize  its  goals  and  the  function  of 
)als  in  the  decisionmaking  process.  R.  S. 

haley,  a  serious  student  of  forest  manage- 
ent  problems,  may  be  correct  in  asserting 
at 
Our  current  orientation  to  solving  multiple  use 

problems  seems  to  have  the  proverbial  "cart  be- 
fore the  horse."  We  are  concentrating  on  the 

quantification  of  values  without  a  clearcut  def- 
inition of  how  derived  values  will  be  used.  A 

more  logical  approach  involves  three  steps,  the 
order  of  which  is  critical.  Step  one  must  be  a 
realistic  and  explicit  statement  of  goals  for  the 

development  and  use  of  the  public  resources  in 

question  .  .  .  With  an  explicit  statement  of  re- 
source management  goals,  the  second  step  is  to 

develop  a  valuation  system  which  produces  a 
set  of  indices  related  to  the  measurement  of 

benefits  .  .  .  The  third  step  is,  of  course,  the  ap- 
plication of  the  allocation  model  and  its  associ- 

ated value  system  to  multiple  use  decisionmak- 
ing (Whaley  1970,  p.  564-565;  emphasis added). 

The  Forest  Service  may  appear  to  have  no 

goals  because  it  has  not  adequately  clai'ified 
them.  The  goal  of  "good  forest  land  manage- 

ment" is  in  the  mind  of  virtually  every  for- 
ester in  the  agency,  but  has  never  been  articu- 
lated fully  enough  to  be  useful  in  the  deci- 

sionmaking process.  Without  a  clearly  stated 
goal,  neither  the  agency  noV  its  critics  can 
firmly  establish  that  the  land  is  or  is  not  being 
managed  so  as  to  best  meet  the  needs  of  the 

American  people.  This  study  hopes  to  (1)  de- 
velop a  decision  model  embodying  the  goal 

specified  to  the  Forest  Service  by  legislative 
mandate;  (2)  identify  some  incongruities  and 
weaknesses  in  the  decisionmaking  process  as  it 
is  now  carried  out  within  the  agency;  and 

(3)  indicate  present  and  possible  future  ap- 
proaches to  eliminating  these  incongruities. 



(;()ALS  IN  THE 
I>E(:ISI()1VMAKIMG 
PROCESS 

A  goal  is  some  special  set  of  conditions,  a 
state  of  being,  an  end,  or  an  object  to  be 
achieved  sometime  in  the  future  or  main- 

tained over  a  given  period  of  time.  Goals  are  a 

prerequisite  for  decisions  and  serve  decision- 
makers as  targets,  inspirations,  performance 

standards,  and  guides  to  selecting  data  and 

personnel.  Very  often  goals  appear  to  be  tra- 
ditional, but  they  are  the  result  of  and  evolve 

from  change  (Vaux  1968). 

Choice,  or  decisionmaking,  aims  at  fulfill- 
ing goals.  Rational  choice  invariably  requires 

selecting  from  alternative  allocations  of  scarce 
resources  those  that  maximize  the  attainment 

of  a  predetermined  goal  (or  minimize  the  cost 
or  pain  associated  with  some  specified  level  of 
its  attainment).  These  scarce  resources  may  be 

as  concrete  as  the  dollars  spent  to  build  a  rec- 
reation campground,  or  as  intangible  as  the 

quality  of  the  view  seen  from  a  747  jet  flying 
over  a  western  forest. 

Although  decisionmeiking  may  involve  a  re- 
vision of  goals,  the  process  of  rational  choice 

is  the  same,  whatever  the  goal.  Thus,  Baumol 
(1967,  p.  46,  47)  states. 

People's  objectives  are  whatever  they  are.  Ir- 
rationahty  surely  must  be  defined  to  consist  in 
decision  patterns  that  make  it  more  difficult  to 

attain  one's  own  ends,  and  not  in  choosing  ends 
that  for  some  reason  are  considered  to  be 
wrong.  Unless  we  are  prepared  to  determine 

other  people's  values,  or  unless  they  pursue  in- 
compatible goals,  we  must  class  behavior  as  ra- 

tional if  it  efficiently  pursues  whatever  goals 
happen  to  have  been  chosen. 

Goal  setting  is  a  continual  and  continuing 
process.  Some  long  established  goals  may  have 

remained  unchanged  for  years.  But  more  of- 
ten than  not,  even  these  will  be  altered  and 

adapted  through  interpretation  and  applica- 

tion. These  changes  come  about  through  the 

steps  a  decisionmaker  takes  in  arriving  at  the 

optimum  or  correct  choice  among  al- 
ternatives: 

•  First,  the  problem  must  be  clearly  identi- 
fied and  all  of  the  issues  properly  defined.  Un- 
less a  problem  is  understood,  it  cannot  be 

solved. 

•  Second,  the  objectives  or  goals  that  are  to 
be  served  must  be  identified  specifically.  Of- 

ten, these  are  extremely  vague.  Goals  may  be 
single  or  multiple,  simple  or  complex. 

•  Third,  once  the  problem  and  the  goals  to 
be  served  are  clearly  identified,  alternative 
courses  of  action  must  be  set  forth  and  ana- 

lyzed. Rarely  is  there  only  one  way  to  deal 

with  a  given  problem.  The  probable  conse- 
quences of  each  of  a  number  of  possible  alter- 

natives must  be  estimated. 

•  Fourth,  the  alternatives  must  be  ap- 
praised and  the  decision  made.  The  choice  of 

any  one  alternative  or  combination  of  alter- 
natives rests  on  the  evaluation  of  probable 

consequences.  This  step  may,  and  perhaps 
should,  include  a  reevaluation  of  the  goals 
themselves. 

This  study  is  primarily  concerned  with  the 

second  step  in  the  process  of  decision- 
making —  identification  of  the  goal;  and  with 

the  development  of  a  decision  model  based  on 
that  goal. 

Considerations  in 
Goal  Setting 

In  the  process  of  defining  goals,  certain 

basic  principles  must  be  kept  in  mind.  A  few 
of  these  are  particularly  relevant  here. 

I 



Availability    of   information.  —  Different 
goals  require  different  types  of  information  or 

specific  data.  VVhetlier  or  not  a  pai-ticulai-  goal 
can  be  achieved  is  in  large  measure  deter- 

mined by  the  availability  of  the  requisite  in- 
formation. As  Vaux  (1968,  p.  800-801) 

states,  "However  well  conceived  it  may  be  on 
other  grounds,  a  goal  which  invokes  needs  for 
information  which  are  difficult  or  impossible 
to  fulfill  may  be  completely  ineffective  in  its 

influence  on  decisionmaking." 

Complexity.  —  Goals  are  seldom  either  sin- 
gle or  simple.  The  interrelations  of  various  ob- 

jectives, none  of  which  can  be  ignored,  com- 
plicate the  choice  among  alternatives.  If  a  gov- 

ernment, agency,  entrepreneur,  or  decision- 
maker in  any  area  has  only  one  goal,  its  opti- 

mizing behavior  —  the  most  effective  course 
toward  the  goal  —  is  clearly  evident.  A  rising 
demand  for  wood  for  housing,  for  example, 
could  be  met  by  simply  increasing  the  harvest 
of  timber  from  private  and  public  forested 

lands,  if  no  other  consequences  were  impor- 
tant. But  obviously  the  public  interest  de- 
mands consideration  of  other  goals  than  hous- 

ing. The  potential  of  the  forest  to  provide  for 
recreation,  habitat  for  fish  and  wildlife,  water 

supply,  and  other  needs  cannot  be  destroyed 
in  satisfying  the  need  for  wood.  There  are 
conflicts  between  objectives,  and  these  must 

be  specified  before  the  decisionmaking  proc- 
ess can  go  on. 

Consistency.  —  To  be  useful,  a  goal  must 
be  applicable  at  all  levels  of  an  organization. 
Policies  determined  at  higher  staff  levels  are 

sometimes  viewed  as  constraints  by  lower- 
level  staff  members.  Unless  there  is  a  common 

understanding,  this  view  that  "one  man's  goal 
is  another  man's  constraint"  can  easily  lead  to 
conflicts  within  the  management  structure. 
The  activities,  policies,  and  goals  of  subunits 
of  an  organization  must  be  totally  related  to 

the  goals  of  higher  level  management.  Other- 
wise a  process  of  suboptimization  sets  in  that 

prevents  achievement  of  the  ultimate  objec- 

tive. The  goal-oriented  decision  model  pre- 
sented later  in  this  paper  can  be  viewed  as  a 

ligh-level  management  goal.  It  should  not  be 
•onstrued  as  an  idealistic  one  that  does  not 
apply  to  the  lower-level  organization.  At  low- 
jr  levels,   subgoals  must  be  defined  that  are 

consistent  with  the  overriding  goal,  if  (optimal 
decisionmaking  is  to  be  achieved. 

(aoal  Kiinkin^ 

As  indicated  above,  the  optimizing  behav- 
ior to  achieve  multiple  or  complex  goals  can- 
not be  easily  specified  from  the  goals  them- 

selves. Conceivably,  for  example,  the  Forest 
Service  might  operate  with  the  following  two 
goals:  to  maximize  profit  and  to  maximize 
revenue  from  sales  of  timber  on  the  public 

lands.'  It  should  be  obvious  (and  is  verifi(>d 
by  economic  theory)  that  the  action  that 
would  maximize  profit  would  not  necessarily 
be  optimal,  because  it  is  higWy  unlikely  that 
maximum  profit  and  maximum  sales  revenue 

can  be  achieved  simultaneously.  In  fact,  with- 
out additional  information,  no  action  taken 

by  the  Forest  Service  could  be  deemed  opti- 
mal given  those  two  goals.  It  is  only  when  the 

goals  are  ranked  or  weighted  so  as  to  indicate 
the  priorities,  the  dominant  and  subordinate 

goals,  or  the  acceptable  trade-offs  between 
goals,   that  optimality  will  become  manifest. 

Value  and  Weight 

It  is  important  that  a  clear  distinction  be 

made  between  the  term  "value"  on  the  one 

hand,  and  "weight"  on  the  other.  Value  is  a 
quantitative  estimate  of  a  quality  of  useful- 

ness, importance,  desirability;  in  economics  it 
is  a  measure  of  the  degree  to  which  a  certain 
action  or  thing  satisfies  human  wants.  Value  is 
often  defined  as  the  power  of  a  commodity  to 
command  other  commodities  in  exchange  for 

itself.  Value  is  a  quantitative  measure  that  al- 
lows comparison  between  different  things. 

Weights  allow  the  consideration  of  benefits 

that  cannot  be  measured  in  strictly  quantita- 
tive terms.  It  is  possible  that  two  policies  that 

yield  equal  values  in  monetary  terms  will  not 
be  viewed  by  the  decisionmaker  as  equivalent 

in  terms  of  the  benefits  to  be  obtained.  In  es- 

sence, weights  may  be  viewed  as  the  expres- 
sion of  the  premium  placed  on  the  outcome 

"Note  that  these  examples  are  in  no  way  to  be 

taken  as  goals  the  agency  "ought"  to  pursue.  This 
study  is  concerned  with  the  goals  set  forth  in  legisla- 

tion, not  with  those  sugge.sted  by  individuals  or 

groups. 



of  a  policy  that  provides  nonmonetary  bene- 

fits. An  example  will  clarify  the  distinction.^ 
Let  us  assume  that  the  United  States  de- 

sires to  achieve  a  growing  level  of  personal  in- 
come  and  general  economic  prosperity 

throughout  the  nation.  It  also  desires  to  im- 
prove the  lot  of  the  lowest  quintile  (20%)  in 

the  income  distribution  (i.e.,  persons  with 

poverty-level  incomes).  Alternative  fiscal  poli- 
cies may  be  presented,  all  of  which  would  re- 
sult in  an  increase  in  personal  income,  but  in 

different  magnitudes  and  distributed  differ- 
ently in  a  relative  sense.  The  first  alternative 

might  achieve  an  increase  in  personal  income 
of  $1  billion  in  such  a  way  that  it  is  spread 

evenly  throughout  the  nation.  The  second  al- 
ternative might  be  able  to  achieve  a  total  in- 

crease in  personal  income  of  only  $0.8  billion, 

but  would  increase  income  to  the  lowest  quin- 
tile by  $0.5  billion,  with  $0.3  billion  going  to 

the  remaining  80  percent  of  the  distribution. 

^The  example  in  the  text  is  a  simplification  of  the 
concept.  For  a  more  precise  but  readily  understand- 

able treatment  see  Major  (1969).  See  also  Marglin 
(1962). 

The  third  alternative  promises  to  increase  per 

capita  income  by  $1.01  billion,  but  would  re- 
sult in  only  $0.1  billion  going  to  the  lowest 

quintile.  The  required  decision  is  which  policy 
alternative  to  pursue. 

The  values  of  personal  income  that  are  at- 
tainable do  not  in  themselves  indicate  the 

proper  avenue  to  take.  If  no  special  "weight" 
were  attached  to  the  goal  of  redistribution  to 
the  lowest  quintile  in  the  income  distribution 
(situation  A),  then  the  third  policy,  which 

yields  the  greatest  total  increase,  would  ap- 

pear appropriate.  If,  on  the  other  hand,  a  pos- 
itive weight  or  priority  were  placed  on  the 

redistribution  (situation  B  or  C),  either  the 

first  or  the  second  policy  would  be  preferable, 

even  though  both  would  yield  lower  total  in- 
creases than  the  third  alternative.  The  deter- 

mining factor  will  be  the  degree  of  impor- 
tance attached  to  the  goal  of  income  redistri- 

bution relative  to  the  goal  of  increasing  total 
personal  income.  The  following  discussion 

shows  how  decisions  will  be  affected  by  plac- 

ing alternative  weights  on  the  achievable  val- 
ues of  the  three  fiscal  policies. 

Goals 

Increase  in  personal  income  in 

the  lowest  quintile  (Pip) 

Increase  in  personal  income, 
total  (Pit) 

Policy  1 Policy  2 Policy  3 

$  200,000,000     $500,000,000     $  100,000,000 

$1,000,000,000      $800,000,000     $1,010,000,000 

Various  alternative  weights  or  priorities  may 
be  placed  on  the  two  components  of  the  goal, 
but  whatever  the  weights,  the  decision  rule  is 

Maximize  the  weighted  aggregate  increase  in 
personal  income. 

This  can  be  expressed  quantitatively  as 

Maximize  (PI^   +  aPIp) 

where  a  is  the  premium  placed  on  PI   . 

In  situation  A,  with  no  distinction  with 

respect  to  income  distribution,  no  special 
weight  or  premium  is  given  to  income  gained 
in  the  lowest  quintile  of  income  distribution. 

The  optimizing  behavior  is 

Maximize  (Pit  +  0  Pip) 

Policy  1  yields 

$1,000,000,000  +  $  0  =  $1,000,000,000 
Policy  2  yields 

w       $    800,000,000  +  $  0  =  $    800,000,000 

^  Policy  3  yields 
^      $1,010,000,000  +  $  0  =  $1,010,000,00C 

By  choosing  policy  3  we  maximize  the  weight 
ed  value  of  increase  in  personal  income. 

In  situation  B,  a  special  premium  or  weigh' 
of  1.0  is  given  to  income  gained  in  the  lowes 
quintile  of  the  income  distribution.  In  effect  , 

any  income  going  to  the  poorest  segment  o;)| 



the  society  is  counted  as  being  twice  as  impor- 
tant as  income  going  to  other  segments  of  the 

distribution.  (Its  impact  already  shows  up 
once  in  the  total  figures.) 

The  optimizing  behavior  is 

Maximize  (Pit  +  1.0  Pip) 

Policy  1  yields  $1,000,000,000 

+  $200,000,000  =  $1,200,000,000 
>   Policy  2  yields  $    800,000,000 

+  $500,000,000  =  $1,300,000,000 
Policy  3  yields  $1,010,000,000 

+  $100,000,000  =  $1,110,000,000 

By  choosing  policy  2  here  we  still  maximize 

the  weighted  value,  even  though  the  total  in- 
crease in  income  is  smaller.  Here  we  see  the 

importance  of  establishing  weights  and  priori- 
ties on  multiple  goals.  With  this  weighting,  we 

choose  the  policy  with  the  lowest  totail  in- 
crease. 

In  situation  C,  extra  consideration  is  to  be 

[given  to  income  reaching  the  lowest  quintile, 
but  not  to  the  extent  shown  in  situation  B. 

An  extra  premium  or  weight  of  0.6  is  given, 
50  that  any  income  to  the  lowest  quintile  will 

jount  slightly  over  half  again  as  much  as  in- 
:ome  going  to  other  segments  of  the  distribu- 
:ion.  The  optimizing  behavior  is 

► 

Maximize  (PI^  -i-  0.6  Pip) 
Policy  1  yields  $1,000,000,000 

+  $120,000,000  =  $1,120,000,000 
Policy  2  yields  $    800,000,000 

+  $300,000,000  =  $1,100,000,000 
Policy  3  yields  $1,010,000,000 

+  $   60,000,000  =  $1,070,000,000 

'olicy  1  is  the  optimizing  behavior  even 
hough  it  neither  maximizes  total  increase  in 

■lersonal  income  nor  maximizes  the  increase 

1  personal  income  to  the  lowest  quintile.'' 

More   properly,   these  examples  should  show  a 
eight  or  premium  of  1.0  in  A,  2.0  in  B,  and  1.6  in  C, 
ecause  in  this  particular  example  a  value  of  1.0  is  in- 
uded  in  the  increase  of  Pit  for  any  and  all  goals.  The 

term  then  becomes  the  "extra'   premium.  To  make 
le  example  directly  comparable  with  a  later  one  this 
istinction   is   ignored.    This   point    is   discassed    in 

^''  iarglin  (1967,  p.  24).  Marglin'.s  analysis  is  the  basis 
"''  W  much  of  the  theory  used  in  developing  the  deci- 

on  model,  and  should  be  consulted  for  more  thor- 
fiii   agh  treatment  of  this  topic. 

The  Forest  Service  must  be  able  to  specify 

the  order  of  priorities  of  its  goals  —  that  is, 
establish  a  weighting  procedure  both  on  the 
national  level  and  on  the  more  limited  level  of 

specific  project  areas.  Without  this,  there  is  no 

basis  for  judgment  of  the  optimality  of  its  ac- 
tions to  achieve  the  goals  specified.  If  we  al- 

ways had  available  a  perfect  measure  of  wel- 
fare, benefits,  or  satisfaction,  we  would  not 

need  to  determine  the  weights  as  a  separate 
process,  because  they  would  be  automatically 

reflected  in  the  measured  value.  The  impor- 
tant distinction  between  weight  and  value 

arises  because  our  measuring  capability  is  in- 

adequate. 

The  Need  for  Flexibility  in  Goal  Ranking 

Flexibility  during  the  initial  goal  formula- 
tion stages  of  planning  is  essential.  Much  of 

the  information  required  for  determining  goal 

priorities  will  not  become  available  until  ex- 
perimental programs  are  implemented.  It  is  a 

difficult  task,  however,  to  maintain  such  flexi- 

bility without  opening  the  flood  gates  to  spe- 
cial interest  pleading.  Unless  clear  agreement 

on  the  priority  of  wilderness,  for  example,  is 

arrived  at  in  advance,  then  every  timber  cut- 
ting project  may  become  the  focal  point  of 

debate.  This  is  counterproductive  and  limits 
the  ability  of  the  decisionmaker  to  implement 

an  agreed-upon  program. 
This  process  of  establishing  weights  or  pri- 

orities in  advance  of  project  planning  is  not 

observable  in  much  of  the  decisionmaking  go- 
ing on  in  firms  and  agencies  today.  Lowi 

(1969,  p.  147)  argues  that  this  is  no  accident. 
This  failure  in  bureaucratic  decisionmaking  is 
the  direct  result,  Lowi  claims,  of  the  growth 

of  "interest  group  liberalism."  He  makes  an 
important  distinction  between  involvement  of 
the  citizenry  in  the  bargaining  process  and 

project  planning  on  the  one  hand,  and,  on  the 

other  hand,  a  limited  aspect  of  public  involve- 
ment, logrolling.  There  is  a  world  of  differ- 

ence between  bargaining  on  the  stakes  of  a 

particular  case,  which  is  logrolling,  and  bar- 
gaining on  the  rules  and  criteria  applicable  to 

the  decision.  Decisionmaking  should  proceed 

from  firmly  established  rules,  based  on  pre- 
determined weights  and  priorities.  The  deci- 

sions that  result  from  rules  arrived  at  by  con- 



sensus  should  then  be  acceptable  to  all  con- 
cerned. 

Such  bargaining  on  the  rules  in  advance  of 
project  analysis  can  result  in  several  different 
management  prescriptions.  For  example,  we 
might  expect  any  one  of  three  possible  rules 
(goals)  to  result  from  discussions  centering  on 

the  relative  importance  of  timber  and  water- 
shed resources.  The  three  possibilities  might 

be  these: 

1.  Maximize  timber  production,  subject  to 
the  constraint  that  some  minimal  amount  of 

watershed  protection  be  maintained.^ 
2.  Maximize  watershed  protection,  subject 

to  the  constraint  that  some  minimum  amount 

of  timber  production  be  maintained. 
3.  Increase  and  maintain  (maximize)  high 

levels  of  both  timber  cutting  and  watershed 
development,  subject  to  the  constraint  that  in 
the  process  nothing  be  done  that  will  diminish 
the  productivity  of  the  land. 

It  should  be  obvious  that  the  choice  among 
these  goals  will  depend  on  just  how  strongly 

members  of  the  rule-formulating  body  hold 
their  estimates  of  weights  and  priorities.  The 

acceptable  trade-offs  will  necessarily  have 
been  established  in  advance. 

The  later  discussion  in  this  paper  will  make 
clear  that  the  actual  establishment  of  weights 

during  the  ongoing  National  Forest  manage- 
ment process  is  haphazard.  Weights  are  estab- 
lished in  varying  degrees  by  public  inputs  such 

as  logrolling,  lobbying,  and  public  hearings; 

by  the  budget  process  as  it  affects  the  achieve- 
ment levels  possible;  and  by  administrative 

and  management  influences,  both  direct  and 

indirect.  To  be  effective,  priority  determina- 
tion must  become  an  explicit  as  well  as  an 

integral  part  of  the  planning  activity. 
Flexibility  in  goal  ranking,  as  indicated,  is 

desirable  up  to  a  point,  and  might  alter  a  giv- 
en situation  in  the  following  manner.  If  goals 

were   ranked   according   to   policy    2   in  the 

'This  is  the  possibility  used  as  a  base  for  the  plan- 
ning model  developed  at  the  Pacific  Southwest  Forest 

and  Range  Experiment  Station.  See  Navon,  Tim  bo- 
RAM  .  .  .  a  long  range  planning  method  for  com- 

mercial timber  lands  under  multiple  use  manage- 
ment, 1971.  The  maximization  approach  taken  in 

that  study,  although  it  does  not  integrate  the  re- 
sources as  this  paper  will  recommend,  is  a  step  in  the 

right  direction. 

timber- watershed  example,  certain  actions 
would  be  dictated  to  achieve  optimal  solu- 

tions within  that  ranking  of  the  goals.  If,  how 

ever,  politico-socio-economic  considerations 
should  change  the  conditions  under  which  the 
Forest  Service  operations  are  carried  out,  such 

as  an  acute  shortage  of  timber  during  a  hous- 
ing boom,  then  the  administrators  might  have 

to  realign  their  goals  (or  have  the  goals  rea- 
ligned for  them  by  congressional  or  adminis 

trative  mandate).  Watershed  maintenance 
would  then  become  the  constraining  goal, 

with  the  pursuit  of  maximum  timber  produc- 
tion as  the  dominant  goal  (i.e.,  ranking  policy 

1).  Such  a  change  would  of  course  create  se- 
vere problems  in  the  long-range  planning  ef- 
fort that  is  required  in  the  management  oi 

forest  resources,  and  if  the  alteration  of  pri- 
orities occurred  too  often,  the  planning  capa- 

bility of  the  Forest  Service  would  be  drastical- 

ly reduced. 

Commodity  and  Noncommodity  Goals 

Very  often  the  allocative  decisions  on  pub- 
lic forest  lands  require  consideration  of  criter- 
ia such  as  the  complex  ecological  and  hydro 

logical  subsystems  that  influence  land  man 
agement.  Artificial  definitions  are  employee 

in  an  attempt  to  distinguish  between  so-callec 
"economic"  and  "noneconomic"  variables.  I 
seems  more  useful  to  call  any  problem  of  al 
locating  scarce  resources  an  economic  one.  I 
difference  exists,  it  must  be  in  the  fact  tha 
certain   resources   (variables)    simply   do  no 

pass   through   the   market   to   have   a   valu" 
placed  on  them.  Thus,  for  example,  a  distinc 

tion  might  be  made  as  between  "commodity'' 
and   "noncommodity"   outputs.   To   suggest 
that  just  because  a  resource  does  not  have  i 

market  value  attached  to  it,  it  is  therefor  i 

noneconomic,  is  to  ignore  the  tremendous  ir  • 
fluence  of  environmental  resources  in  moder  il 

economic  analysis.  Clean  air  and  quiet  su: 

roundings  are  certainly  just  as  "economic"  i  i 
a  sheet  of  plywood. 

In  the  decisionmaking  process,  the  achieve 
ment  of  nonmonetary  goals  will  usually  be  i : 
the  expense  or  cost  of  other  forgone  oppo 

tunities,  and  these  may  appear  in  either  mom  • 
tary  or  nonmonetary  form.  Once  the  goal  t 
be  pursued  in  the  management  of  the  publ 



forested  lands  is  defined,  it  is  the  task  of  the 

specialist  (economist,  ecologist,  silvicul- 
turalist,  biologist,  landscape  architect,  plant 
physiologist,  etc.)  to  identify  the  outcomes  of 

all  possible  (or  relevant)  alternative  manageri- 
al policies.  Both  commodity  and  noncom- 

modity  values  will  be  estimated,  in  such  a  way 
that  these  outcomes  can  then  be  viewed  and 

ranked  according  to  the  optimal  intermix  of 
goals. 

Decisionmaking  is  not  an  automatic  proc- 
ess whereby  we  can  specify  goals,  measure  the 

possible  output  values  as  weighted  by  public 
ariorities,  and  then  push  a  button  to  get  the 
appropriate  decision.  The  type  of  planning 
md  goal  formulation  that  has  been  described 
^an  only  provide  alternatives.  It  then  becomes 
;he  function  of  the  decisionmaker,  such  as  the 
and  manager,  to  weigh  these  alternatives  in 
he  light  of  the  social  and  economic  inputs 

equisite  to  a  balanced  solution.  "In  the  final 
malysis,  the  land  manager  .  .  .  has  the  respon- 
ibility  to  decide  to  lengthen  a  road  because 
he  landscape  is  better  served.  He  is  required 
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to  make  the  judgment  to  require  a  more  cost- 

ly logging  system,  logging  layout,  or  silvicul- 
tural  system  to  protect  soil  or  emphasize  land- 

scape aesthetics"  (Nelson  1971,  p.  14).  But 
the  inputs  he  receives  are  of  utmost  impor- 
tance. 

In  the  absence  of  a  well-defined  ranking  of 
objectives,  each  local  decisionmaker  (regional 
forester,  forest  supervisor,  district  ranger, 

etc.)  must  tend  to  be  influenced  by  the  inputs 
of  special  interest  groups.  The  decisionmaker 
must  collect  data,  measure  values,  and  analyze 
these  according  to  the  ranked  goals.  If  each 
decisionmaker  is  allowed  to  establish  not  only 
the  values  or  achievement  levels,  but  also  the 

weights,  no  uniform  policy  v^ill  be  evident. 
The  foregoing  discussion  oversimplifies  the 

decisionmaking  process,  but  serves  to  empha- 
size the  need  to  identify  Forest  Service  goals 

and  develop  an  appropriate  decision  model. 

The  following  section,  dealing  with  the  statu- 
tory and  legislative  directions  given  to  the 

Forest  Service,  is  the  logical  step  toward  es- 
tablishing the  basis  for  such  a  model. 



THE  LEGISLATIVE 
MANDATE 

We  have  seen  that  as  yet  no  clear  gocd  for 
the  Forest  Service  has  been  defined.  We  have 

also  reviewed  the  decisionmaking  processes  in 
which  such  a  goal  plays  an  essential  part.  The 
discussion  that  follows  is  an  attempt  to  find 

in  the  legislation  the  direction  needed  to  for- 

mulate a  goal  of  the  required  quality  —  one 
broad  enough  to  apply  to  all  levels  of  adminis- 

tration and  yet  flexible  enough  to  guide  deci- 
sions on  local  problems. 

The  analysis  in  this  section  will  show  that  a 
multiple  use  concept  of  management,  though 
not  always  evident  in  the  forefront  of  agency 
actions,  nor  consistently  defined  by  the 

courts,  has  slowly  been  evolving  in  the  legisla- 
tion and  has  become  a  policy  that  now,  at 

least  in  part,  guides  the  day-to-day  operations 
of  the  Forest  Service.  More  specifically,  one 
consistent  thread,  made  up  of  three  strands, 
will  be  seen  to  run  throughout  the  fabric  of 

the  agency's  policy  orientation  as  expressed  in 
the  legislation.  The  first  of  the  three  strands  is 

a  conservation  orientation,  best  expressed  in 
the  rule  that  no  activity  should  take  place  if  it 
will  result  in  deterioration  of  the  site.  The  sec- 

ond strand  is  an  orientation  toward  perpetual 

production  and  use  of  the  various  forest  prod- 
ucts through  sustained  yield  management.  As 

will  be  seen,  this  strand  has  been  conceived 
in  both  narrow  and  broad  terms.  The  third 

strand,  both  a  strength  and  a  weakness,  is  a 
commitment  to  decentralized  decisionmaking, 

with  emphasis  on  the  expertise  of  local  au- 
thorities and  officers.  The  thread  itself  is  the 

notion  that  the  National  Forests  must  be 

managed  so  as  "to  best  meet  the  needs  of  the 

American  people."  This  notion  must  be  given 
specific  meaning  if  it  is  to  serve  as  a  goal. 

The  legislative  review  in  these  pages  does 

not  follow  a  straight  path.  There  are  man 

twists  and  turns.  As  R.  H.  Tawney  (p.  3-^ 
1967  reprint)  said  over  50  years  ago, 

.  .  .  not  only  in  the  investigation  of  the  past  but 
in  the  analysis  of  the  present,  the  trail  followed 
by  the  economist  leads  across  a  country  whose 
boundaries  and  contours  and  lines  of  least 
resistance  have  been  fashioned  by  the  labor  of 

lawyers.  It  is  his  wisdom  to  recognize  that  eco- 
nomic forces  operate  in  a  framework  created  by 

legal  institutions,  that  to  neglect  those  institu- 
tions in  examining  the  causes  of  economic  de- 

velopment or  the  distribution  of  wealth  is  as 
though  a  geographer  should  discuss  the  river 
system  of  a  country  without  reference  to  its 
mountain  ranges,  and  that,  if  lawyers  have 
wrought  in  ignorance  of  economics,  he  must 
nevertheless  consult  their  own  art  in  order  to 
unravel  the  effect  of  their  operations. 

It  is  well  known  that  the  lawyers'  art  is  n( 
usually  characterized  by  brevity  and  clarit; 

Also,  if  lawyers  write  "in  ignorance  of  ec> 
nomics,"  statutes  cannot  be  easily  translate 
into  expressions  of  implementable  goals  in 
decisionmaking  framework.  Nevertheless,  vv 

must  "unravel  the  effect  of  their  operation; 
if  we  are  to  get  a  handle  on  the  managemei 
goals  of  the  Forest  Service. 

Considered  throughout  this  review  of  tl 
statutory  and  legislative  background  of  cvi 
rent  management  objectives  will  be  the  qu€i 
tion  of  what,  if  any,  priorities  have  been  €i 
tablished.  It  will  be  shown  that  the  currei 

doctrinal  debate  as  to  equal  priorities  vers' ; 
dominant  use  or  single  use  is  empty  of  mea  i 

ing  if  past  legislation  is  turned  to  for  suppoj ; 
In  reality  the  doctrine  that  has  evolvdi 

through  legislation  assigns  no  priorities.  Tlii 

"protection  of  the  productivity  of  the  lam ' 
so  frequently  called  for  in  the  legislation  e  i 

compasses  all  of  the  resources  and  their  U5 :' 
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Before  we  examine  the  legislation  specifi- 
lly  applicable  to  the  Forest  Service,  it  will 
helpful  to  consider  the  policy  background 

ainst  which  the  National  Forests  were  estab- 
hed. 

Public  Land 

Management  P<i>lH:;ies 
The  policies  dominant  during  the  greater 

ft  of  the  19th  century  suggest  four  overrid- 
objectives   in   the   use   of  public   lands: 

to  produce  much-needed  revenue  for  the 
srations  of  government;  (2)  insofar  as  pos- 
le,  to  promote  the  settlement  and  growth 
new  communities;  (3)  to  reward  veterans 

military  actions  by  offering  them  the  op- 
rtunity  of  ownership  (or  scrip  entry  priv- 

ies); and  (4)  to  promote  the  internal  devel- 
nent  of  the  nation  through  land  grants  de- 
led  to  aid  in  financing  education,  highway 
istruction,  and  charitable  institutions.  Each 

^-  these  four  objectives  had  its  special  set  of 
e-  iporters  and   spokesmen.   As  a   result,  the 
^s  asures   adopted  were  often  inharmonious 

I  I  incongruous  (Gates  1968,  p.  765  ff.).^ 

'*  Three  objectives  developed  subsequently. 
tu  iring    the    administration   of  Theodore 

Dsevelt,   a   fifth   policy   direction   evolved 
t  was  to  become  significant  in  pubhc  land 

s"' ninistration.   To   many   people   the   over- 
Jf'  Riming  objective  of  American  land  policy 

^•^  ame  "conservation."  Many  Americans 
'13''  ie  to  realize  that  the  exploitation  of  their 
ii"!  inheritance  of  natural  resources,  if  con- 

'  led  through  the  predatory  practices  char- 
eristic  of  the  19th  century,  would  in  the 
r  future  diminish  the  unique  value  of  that 

pritance.  Many  came  to  wonder  whether 
anent   public  ownership  of  some  lands 

t  not  be  superior  to  private  ownership, 

concern,  with  its  awareness  of  the  deple- 
™f  of  such  resources  as  forests,  ranges,  wild- 

'i  clear  streams,  and  beautiful  landscapes 

iates'  History  of  Public  Land  Law  Devclopmenl, 
'  Vlume  written   for  the  Public  Land  Law  Review 
■^  'iTnission,  is  an  important  source  of  information 

le  factional  and  legislative  struggles  over  public 
^administration,  and  has  been  heavily  drawn  upon 
t.^  discussion  that  follows. 

came  to  the  foreground  in  the  conservation 

movement.  Various  groups,  including  the  so- 

called  "preservationists"  as  well  as  the  advo- 
cates of  scientific  management,  came  together 

to  call  for  the  permanent  reservation  of  for- 
ests and  watersheds  in  the  public  domain.  The 

first  National  Park  was  established  in  1872, 
and  in  an  act  passed  in  1891  (26  Stat.  1103), 

the  President  was  authorized  to  set  aside  "for- 

est reserves"  (subsequently  renamed  National Forests). 

In  the  changing  economic  and  social  de- 
mands of  the  late  19th  and  20th  centuries,  a 

sixth  objective  emerged  —  a  policy  of  mul- 
tiple-purpose development  and  use  of  the  re- 

maining store  of  public  land5  and  associated 
resources.  As  interpreted  by  one  observer 

(Gates  1968,  p.  771-772), 

.  .  .  instead  of  considering  the  economic  value 
of  land  in  terms  of  its  best  use  either  as  range- 
land  or  for  forests,  for  watershed  protection, 
recreation,  preservation  of  wildlife,  mining,  in- 

dustry or  urban  proliferation,  the  multiple 
purpose  objective  takes  all  these  factors  into 
consideration  and  upon  that  broad  base,  the 

future  use  of  any  particular  tract  may  be  deter- 
mined. 

The  National  Environmental  Policy  Act  of 
1969  (83  Stat.  852)  adds  a  seventh  dimension 
to  the  national  policy  for  public  lands.  As  will 
be  seen  in  this  study,  the  demand  made  in  the 

act  for  an  ecological  basis  for  management  di- 
rection and  decisionmaking,  together  with  the 

trend  of  the  evolutionary  legislation  preceding 
it,  is  a  basis  for  a  clear  specification  of  the 
Forest  Service  mandate,  and  calls  for  agency 
policies  that  will  carry  out  the  mandate. 

These  general  objectives,  however,  do  not 
establish  a  specific  goal  for  the  Forest  Service. 

First,  they  are  not  strictly  goals  at  all;  the  pol- 
icies described  for  the  19th  century  period 

were  in  fact  tools  to  achieve  a  real  national 

goal  —  namely,  economic  growth  and  develop- 
ment. Second,  the  objectives  described  apply 

to  all  public  lands.  For  a  more  precise  state- 
ment of  Forest  Service  goals,  we  must  turn  to 

the  enabling  legislation.  From  a  brief  review 
of  the  major  statutes,  and  examination  at 
greater  depth  of  a  few  of  the  more  important 
acts  and  their  interpretation  in  the  courts,  we 
will  be  able  to  define  the  Forest  Service  man- 
date. 



Legislation  and  Jiicii<^Jal 
Interpretation  to  lOGO 

The  following  review  covers  the  period  up 

to  the  passage  of  the  Multiple  Use-Sustained 
Yield  Act  of  1960.  Obviously,  the  account  of 

the  legislation  cannot  be  exhaustive,  but  every 
effort  has  been  made  to  consider  significant 
elements  in  detail. 

Early  Legislation 

The  early  settlers  of  our  country  consid- 
ered the  forest  an  obstacle  to  economic  devel- 

opment (Gates  1968).  Destruction  of  the  for- 
ests continued  well  into  the  19th  century,  in 

spite  of  the  efforts  made  to  conserve  and  pro- 
tect certain  specific  forest  areas.  Such  protec- 
tive action  generally  covered  strategic  materi- 

als such  as  naval  stores  of  live  oak,  red  cedar, 
and  later  white  pine.  In  most  areas,  efforts 

were  made  to  prevent  trespass  on  the  timber- 
growing  public  lands.  Westerners  generally 
viewed  forest  resources  as  valueless  unless 

they  were  put  to  use  in  the  improvement  and 

development  of  the  land,  which  meant  clear- 
ing, fencing,  building,  draining,  roadbuilding, 

and  establishing  social  facilities.  Moreover,  a 

large-scale  private  industry  had  developed  that 
tended  to  view  timber  on  public  lands  as  open 
to  their  saws,  and  millions  of  acres  of  timber 

were  cut  in  this  process.  Such  attempts  as 

were  made  to  prevent  timber  trespass  were  in- 
effective. Moreover,  efforts  by  the  Depart- 

ment of  Interior  and  the  General  Land  Office 

were  hindered  by  three  measures  adopted  in 

the  45th  and  46th  Congresses  (1878-1879). 
The  first,  an  amendment  to  a  budget  deficien- 

cy bill,  stated  in  part. 

Where  wood  and  timber  lands  in  the  Terri- 
tories of  the  United  States  are  not  sur- 

veyed and  offered  for  sale  in  proper  subdi- 
visions convenient  of  access,  no  money 

herein  appropriated  shall  be  used  to  col- 
lect and  charge  for  wood  or  timber  cut  on 

the  public  lands  in  the  Territories  .  .  .  for 
the  use  of  actual  settlers  in  the  Terri- 

tories, and  not  for  export  from  the  Terri- 
tories .  .  .  where  the  timber  grew.  If  any 

timber  cut  on  the  public  lands  shall  be 

exported  from  the  Territories  it  shall  bt 

liable  to  seizure.^ 

The  second  measure,  the  Timber  and  Stc 
Act  of  1878  (20  Stat.  89)  provided  that 
offered  public  lands  valuable  chiefly  for  t 
ber  (or  stone)  could  be  purchased  at  the  m: 
mum  price  of  $2.50  per  acre,  in  quantities 
to  160  acres.  Although  this  law  was  origint 

applicable  only  to  the  public  lands  of  C 
fomia,  Oregon,  Nevada,  and  Washington  1 
ritory,  Congress  extended  its  provisions  to 
the  public  land  states  in  1892  (27  Stat.  34 
Virtually  all  historians  consider  the  Tim 
and  Stone  Act  an  unmitigated  disaster,  pr 

ably  with  good  reason.  Nevertheless,  the 
may  represent  an  important  philosophi 
turning  point.  As  pointed  out  by  Vaux  (f 
sonal  communication  1971), 

The  act  recognized  for  the  first  time  that  there 
was  such  a  thing  as  land  chiefly  valuable  foi 
FOREST.  For  the  preceding  century,  and  with 
the  exception  of  Naval  Reserves  and  minera 
values,  the  public  policy  was  premised  on  th< 
assumption  that  all  land  was  potentially  agri 
cultural  land.  In  adopting  the  Timber  and  Stone 
Act,  Congress  should  be  credited  .  .  .  with  final 
ly  recognizing  that  there  was  such  a  thing  ai 
forest  land,  distinct  from  agricultural  land  cur 
rently  supporting  a  forest,  even  though  it  acted 
unwisely  on  its  recognition. 

The  third  measure,  passed  on  the  same  c 
as  the  Timber  and  Stone  Act,  was  the  so-cal 
Free  Timber  or  Timber  Cutting  Act  (20  St 
88).  This  law  permitted  the  free  cutting 

timber  for  "agricultural,  mining,  or  otj 
domestic  uses"  on  lands  classified  to  be  chi 
ly  valuable  for  mining  and  mineral  resourc 
Very  little  land  was  so  classified,  but  lumb 
men  used  the  act  as  warrant  for  their  cutt 

activities  by  taking  a  very  liberal  view  of  wl 
ought  to  be  interpreted  to  be  mineral  k 

(Hibbard  1965,  p.  463-470). 
These  three  measures,  taken  together  w 

many  other  obstacles  thrown  up  against  p 

tection  of  the  public  timber  lands,  illustr 
the  problems  confronting  those  who  worl 
toward  scientific  management  and  presei 

tion  of  the  nation's  valuable  timber  resen 
As  Gates  (1968,  p.  561)  observes. 

■'Act  of  April  30,  1878,  20  Stat.  46;  for  discus; 
of  this  and  the  following  statutes,  see  Gates  (19 

p.  550  ff. 
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One  may  conclude  that  the  hopelessness  of  ef- 
fectively protecting  the  public  timberlands  by 

the  use  of  a  small  army  of  investigating  agents 
who  were  ostracized  by  local  society,  upbraided 
by  the  local  press  and  by  the  Representatives 
and  Senators  of  the  West,  and  the  fact  that 
their  enforcement  efforts  were  nullified  by 
hostile  juries,  contributed  to  the  realization  at 
least  among  scientists  that  only  through  a  posi- 

tive program  of  Federal  forest  land  manage- 
ment could  a  part  of  the  remaining  public  for- 

ests be  both  withheld  and  protected  for  future 
use. 

As  a  result  of  considerable  ferment  that 

centered  around  a  discussion  of  forest  prac- 
tices, Congress  enacted  on  March  3,  1891,  the 

General  Revision  Act,  section  24  of  which 

(the  so-called  Forest  Reservation  Amend- 
ment) has  since  come  to  be  known  as  the  Cre- 

ative Act  of  1891.**  As  amended  by  later  stat- 
utes, the  act  gave  the  President  authority  to 

'set  apart  and  reserve,  in  any  State  or  Terri- 
tory having  public  lands  wholly  or  in  part 

covered  with  timber  or  undergrowth,  whether 

Df  commercial  value  or  not,  [such  lands]  as 

lational  forests  .  .  .  ."  Subsequent  acts  placed 
•estrictions  on  the  authority  to  create  Nation- 

al Forests  or  additions  within  certain  states. 

>  liegislation  also  gave  authority  to  the  Secre- 

U  ;ary  of  Agriculture  to  acquire  forested  lands 
Dy  purchase,  exchange,  donation,  and  other 

nethods.''  In  the  Transfer  Act  of  February  1, 
L905,'  °  jurisdiction  over  the  National  Forests 
vas  transferred  from  the  Department  of  In- 
erior  to  the  Department  of  Agriculture. 

The  Act  of  1897 

It  is  now  possible  to  identify  within  the 

snabling  legislation  the  explicit  and  implicit 

objectives  specified  by  Congress  to  guide  the 
nanagerial  functions  of  the  Forest  Service.  To 

'*26  Stat.  1103;  as  amended  by  Acts  of  March  4 
nd  June  7,  1924,  43  Stat.  655;  16  U.S.C.  471. 

For  a  list  of  important  laws  relating  to  the 
stablishment  of  National  Forests,  as  amended,  see 

ISDA  Forest  Service  (1964),  p.  1-11. 

'"33  Stat.  628;  16  U.S.C.  472,  524,  554.  Laws  re- 
Jting  to  surveying,  prospecting,  locating,  appropriat- 
ig,  entering,  relinquishing,  reconveying,  certifying, 
r  patenting  were  not  subject  to  transfer  and  are  still 
dministered  by  the  Secretary  of  Interior.  Included 
ere,  of  course,  are  the  laws  pertaining  to  mini)ig 

.  ctivity  within  the  National  Forest.  The  resulting  in- 
brdepartmental  struggle  has  affected  the  practices 
nd  policies  of  both  departments. 

determine  whether  or  not  the  legislation  es- 
tablishes priorities,  let  us  examine  first  the 

original  enabling  legislation  —  the  Organic  Ad- 

ministration Act  of  1897."     It  stated  in  part. 

All  public  lands  .  .  .  set  aside  and  re- 

served as  National  F'orests  .  .  .  shall  be  as 

far  as  practicable  controlled  and  adminis- 
tered in  accordance  with  the  following 

provisions.  No  National  Forest  shall  be 

established,  except  to  improve  and  pro- 
tect the  forest  within  the  boundaries,  or 

for  the  purpose  of  securing  favorable 

conditions  of  water  flow  and  to  fui'nish  a 
continuous  supply  of  timber  for  the  use 
and  necessities  of  citizens  of  the  United 

States;  but  it  is  not  the  purpbse  or  intent 

of  these  provisions  or  of  the  Act  provid- 
ing for  such  reservations,  to  authorize 

the  inclusion  therein  of  lands  more  valu- 

able for  the  mineral  therein,  or  for  agri- 

cultural purposes,  than  for  forest 

purposes  ....  The  Secretary  of  Agricul- 
ture shall  make  provisions  for  the  protec- 

tion against  destruction  by  fire  and  dep- 
redation upon  the  public  forests  and 

National  Forests  .  .  .  and  he  may  make 

such  rules  and  regulations  and  establish 

such  service  as  will  insure  the  objects  of 

such  regulations,  namely,  to  regulate 

their  occupancy  and  use  and  to  preserve 
the  forest  thereon  from  destruction  .... 

The  first  section  of  the  act  has  {provided 

ammunition  to  one  side  in  a  continuing  de- 

bate over  the  original  establishment  of  priori- 
ties. They  see  the  Act  of  1897  as  identifying 

three  top-priority  or  "dominant"  purposes  of 
forest  management:  forest  protection  and  im- 

provement, protection  of  waterflow,  and  tim- 

ber supply.  '^  All  other  uses,  products,  or 
services  of  the  forest,  according  to  this  view, 

are  to  be  considered  secondary  or  subordi- 
nate. It  is  important  to  determine  whether  or 

not    this    original    legislation    legally    implies 

"Act  of  June  4,  1897,  30  Stat.  34,  35,  36;  16 
U.S.C.  475;  emphasis  added. 

'^The  following  discu.ssion  relies  heavily  upon  the 
work  done  by  J.  Michael  McCloskey  (1961).  His  con- 

clusions as  to  interpretation,  however,  differ  greatly 
from  those  presented  in  this  study. 
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these  stated  priorities.  The  Forest  Service  has 
contended  that  the  act  is  consistent  with  an 

equal  priorities  interpretation  of  the  Multiple 
Use-Sustained  Yield  Act  of  1960  (to  be  dis- 

cussed later)  and  thus  does  not  interfere  with 

administration  of  the  Forest  for  such  pur- 
poses as  grazing,  recreation,  and  wildlife  man- 

agement. A  third  interpretation  is  that  the 

1897  Act  constitutes  "the  original  multiple 
use  act,  for  it  was  under  it  that  multiple  use 

and  sustained  yield  began."  This  third  inter- 
pretation allows  the  conclusion  drawn  in  this 

study.  Namely,  no  statutory  priorities  of  any 
kind  are  established  for  the  various  resources, 

and  the  appropriate  decisionmaking  process  is 
thus  not  described  by  either  equal  priorities 

or  single  use  doctrines.'^ 

Legislative  History 

The  Act  of  1897  was  partly  engendered  by 

widespread  dissatisfaction  with  the  adminis- 
tration of  the  forest  reserves  established  fol- 
lowing the  Creative  Act  of  1891.  Westerners 

felt  that  large  areas  of  land  had  arbitrarily 
been  withdrawn  from  entry.  The  General 

Land  Office  within  the  Department  of  Interi- 
or felt  that  provision  for  the  protection  of  the 

forests  against  fire  and  trespass  was  in- 

adequate. "*  In  1896,  the  National  Academy 
of  Sciences  appointed  a  seven-man  commis- 

sion to  study  and  report  on  the  administra- 
tion of  the  forest  regions.  The  commission 

noted,  among  other  things,  that  the  low  pay, 
short  tenure,  and  insecurity  of  the  patronage 

system,  and  the  poor  quality  of  the  appoint- 
ees made  it  almost  impossible  to  enforce  the 

provisions  of  the  1891  Act.'^   The  report  rec- 

'  Personal  communication.  Dean  A.  Gardner,  At- 
torney in  Charge,  Office  of  tiie  General  Counsel,  U.  S. 

Dep.  Agr.,  Ogden,  Utah  (January  12,  1972).  A  simi- 
lar interpretation  was  set  forth  by  Richard  E. 

McArdle  at  the  Fifth  World  Forestry  Congress  at 
Seattle,  Wash.,  Sept.  10,  1960.  He  called  the  1897 

Act  "the  genesis  of  Multiple  Use." 

"•see  McCloskey  (1961),  p.  57-58,  and  compare 
with  Gates  (1968),  p.  567-671  and  passim;  also 
Pinchot  (1947),  p.  79-132;  and  Cameron  (1928),  p. 
205-211. 

'^  "Report  of  the  National  Forestry  Committee  of 
the  National  Academy  of  Sciences  upon  the  inaugur- 

ation of  a  forest  policy  for  the  forested  lands  of  the 

United  States/'  as  noted  in  Gates  (1968),  p.  568. 

om mended  that  13  new  forest  reservations 

containing  some  22  million  acres  in  sever 
states,  be  created.  President  Cleveland,  having 
had  the  report  orally  communicated  to  hirr 
before  it  was  made  public,  complied  with  im 
mediate  proclamations  of  February  22,  1891 

(29  Stat.  Proclamation  19-31). 
The  furor  that  arose  over  these  forest  reser 

vations  led  directly  to  the  enactment  of  th( 
Act  of  1897.  The  proclamations  were  sus 
pended  until  March  1898  and  the  lands  re 
stored  to  a  status  by  which  they  were  subjecl 
to  entry. 

The  Act  of  1897,  presented  by  Senato] 

Pettigrew  of  South  Dakota  as  an  amendmeni 
to  a  civil  appropriations  bill,  contained  the  es 
sential  elements  of  an  earlier  bill  that  hac 

twice  passed  the  House.'**  Interpretations  oJ 
the  legislative  history  of  the  act  vary.  In  view 
of  pressures  by  Western  opponents  of  the 
proclamations,  McCloskey  (1961,  p.  58 

places  strong  emphasis  on  the  provisions  thai 
limit  the  purposes  for  which  reserves  might  b( 
created.  Gates  (1968,  p.  570)  dismisses  then 

as  "too  general  to  have  any  important  limiting 
effect."  Gifford  Pinchot  (1947,  p.  114)  fell 
that  a  compromise  had  been  reached  that  lefl 

open  the  question  of  priorities.  There  is  con 
siderable  room  for  historical  debate  on  the 

actual  intent  of  the  Congress.  Any  interpreta- 
tion must  reckon  with  the  fact  that  the  bill 

was  passed  under  conditions  of  considerable 
anger  and  consternation.  As  pointed  out 
below,  judicial  interpretation  prior  to  1969 
failed  to  clarify  the  issue. 

Judicial  Interpretation 

The  interpretation  of  the  1897  Act  by  the 
courts  prior  to  1969  failed  to  provide  specifk 
guidelines  that  would  settle  conflicts  that  maj 
arise  between  uses,  except  for  the  fact  that  anj 
and  all  of  the  various  forest  resources,  prod 

ucts,  services,  and  uses  were  subject  to  the 

condition  that  no  depredation  of  the  foresi 
was  to  be  allowed. 

The  direct  issue  of  priority  versus  equality 
in  the  resource  uses  was  not  generally  raisec 

"'McRae   Bill,  H.  R.   16,  55th  Congr.   1st  Sess. 
(1897).  See  Rogers  (1969),  p.  123-124. 
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ill  litigation,  but  several  judgments  are  rele- 
vant. They  concern  themselves  with  the  mean- 

ing of  that  section  of  the  law  granting  the  Sec- 
rt^tary  power  to  make  rules  and  regulations  to 
prevent  destruction  and  depredation  of  the 
forests.  One  court  contended  that  there  was  a 

separation  of  powers  in  this  section,  stating 

that  the  "grant  of  the  power  to  regulate  use 
and  occupancy  is  in  addition  and  independent 
of  the  power  to  issue  rules  and  regulations  to 

preserve  the  forests  from  destruction.'"^  The 
separation  of  powers  interpretation  has  not  al- 

ways been  maintained,  but  the  courts  have 

consistently  upheld  the  power  of  the  Secre- 
tary to  establish  rules  controlling  the  use  of 

the  forests,  and  some  rulings,  dealing  with  the 
legality  of  such  uses  as  livestock  grazing  on 

the  forest,  leave  open  the  possibility  that  pri- 
iorities  were  in  fact  established  among  uses. 
The  1911  Supreme  Court  case  of  United 

States  V.  Grimaud^^    is  an  example. 
Restating  the  position  taken  by  the  lower 

courts,  the  Supreme  Court  held  that  "to  pas- 
ture sheep  and  cattle  on  the  (forest)  reserva- 
tion, at  will  and  without  restraint  might  inter- 

fere seriously  with  the  accomplishment  of  the 
purpose  for  which  they  were  established.  But 
a  limited,  regulated  use  for  pasturage  might 
not  be  inconsistent  with  the  object  sought  to 

be  attained  by  the  statute."  The  Court's  find- 
ng,  together  with  later  decisions  described 

lelow,  has  led  some  writers  to  claim  that  graz- 
ng  is  placed  in  a  position  subordinate  to  the 

purposes  for  which  the  forests  were  estab- 
ished   (McCloskey  1961,  pass/m). 

In  the  1912  case  of  United  States  v. 

flenrylin  Irrigation  Co.,^'^  the  court  stated 
ihat  the  forest  reserves  had  been  created  for  a 

;pecial  purpose.  Although  the  court  failed  to 

*^  United  States  v.  Reeves,  39  F.  Supp.  580  (W.D. 
Vrk.,  1941),  583.  See  Bayles  (1964),  p.  113  ff.,  for  a 
liscussion  of  changing  interpretations  within  the  For- 
ist  Service,  especially  with  respect  to  rules  and  regula- 
ions  concerning  ingress  and  egress  on  the  National 
forests. 

'*220  U.S.  506,  quotation  at  516.  The  Govern- 
lent  brief  in  the  McMichael  case,  discussed  below, 
sed  the  Grimaud  case  to  support  its  contention  of 
ower  to  issue  regulations  on  resources  beyond  those 
numerated  in  the  1897  Act. 

'■^  205  Fed.  970,  972  (D.  Gal.  1912) 

spell  out  just  what  that  purpose  was,  it  found 
the  Act  of  1897  did  not  allow  for  any  use  or 

occupancy  that  interfered  with  the  purposes 

of  such  reserves,  thus  implicitly,  if  not  direct- 
ly, upholding  the  decision  in  the  Grimaud 

case. 

Evidence  of  priorities  as  viewed  by  the 
courts  came  in  1922  when  the  court  declared 
that  favorable  conditions  of  waterflow  held 

precedence  over  grazing  that  might  lead  to 

erosion  and  floods. ^°  A  1941  case  held  graz- 

ing to  be  subordinated  to  "furnishing  a  con- 
tinuous supply  of  timber"  where  replanted 

acreage  is  involved.^'  This  position  was  reaf- 
firmed in  1944  when  the  court  stated  that  the 

Forest  Service  "may  exclude  grazing  entirely 
or  regulate  it  appropriately  to  the  benefit 

of  .  .  .  (the)  .  .  .  natural  growth"  of  timber." 
A  direct  interpretation  of  the  priority 

problem  came  in  the  1952  case  of  United 
States  V.  Perko.  Using  the  Act  of  1897  as 

authority,  the  court  stated  "...  the  purpose 
of  establishing  a  Forest  Reserve  under  the 
statute  is  to  conserve  the  timber  and  water 

flowage  ....  The  use  of  the  forest  for  recrea- 
tional purposes  is  incidental  to  this  main  pur- 

pose" (108  F.  Supp.  at  322). 
Given  the  economic  situation  in  the  first 

half  of  the  century  as  it  pertained  to  the  de- 
mands that  were  being  made  upon  the  forests, 

it  is  not  surprising  that  the  courts  emphasized 
timber  and  water.  As  conditions  changed  over 

time,  court  interpretations  gave  way  to  broad- 
er concerns.  Moreover,  all  of  the  earlier  cases 

made  a  direct  reference  to  purposes  for  which 
the  National  Forests  were  established. 

The  problem  of  whether  or  not  regulation 

of  use  and  occupancy  is  separate  from  protec- 
tive regulation  is  thus  a  source  of  contention. 

It  is  the  view  of  this  study  that  although  the 

two  sections  of  the  act  seem  to  be  giving  dif- 
ferent instructions  or  direction,  they  have  to 

be  considered  in  pari  materia:  that  is,  the  stat- 
ute must  be  so  interpreted  as  to  give  meaning 

^'^  United  States  v.  Gurlcy,  297  Fed.  871  (N.D.  Ga. 1922). 

^^Uniled  Slates  v.  Jolrnslon,  38  F.  Supp.  4  (D.W. Va.  1941). 

^^  Osborne  v.  United  Slates,   145  F.  2d  892  (9th 
Cir.,  1944). 



to  both  sections  simultaneously.  McCloskey 

has  argued  that  a  priority  ranking  is  estab- 
lished, and  supports  his  position  by  stating 

that  "construction  of  the  use  and  occupancy 
section  usually  requires  a  definition  of  the 

purposes  of  National  Forests  and  determina- 
tion of  whether  a  use  is  implicit  in  one  of 

these  purposes  or  foreign  to  them  and  merely 
to  be  tolerated  to  the  extent  that  it  does  not 

conflict  with  them"  (McCloskey  1961,  p.  59). 
Both  sections,  however,  must  be  considered 
together,  and  not  one  subordinate  to  the 
other.  To  show  that  the  courts  have  failed  to 

support  McCloskey's  position  we  must  move 
ahead  to  a  recent  court  test. 

McMichael  and  McMichael  v.  United  States 

The  McMichael  case"  (sometimes  referred 
to  as  the  Tote  Goat  case)  is  essential  to  a  de- 

termination of  the  correct  interpretation  to 
be  placed  on  the  Act  of  1897.  It  clearly  tests 
the  establishment  of  priorities  by  the  1897 
Act. 

Two  men  who  had  used  and  operated 

"tote  goats"  (trail  bikes)  in  the  Idaho  Primi- 
tive Area  on  July  9,  1963,  had  been  prose- 

cuted under  regulations  of  the  Secretary  of 

Agriculture  prohibiting  the  use  of  motor  vehi- 

cles within  areas  designated  as  wilderness. ^^ 
In  their  brief  presented  to  the  Ninth  Circuit 
Court  of  Appeals,  the  appellants  argued. 

Even  if  the  regulations  constitute  valid  exercises 
of  the  delegated  power  [they  contended  that  it 
did  not]  .  .  .  the  application  of  these  regula- 

tions as  is  here  attempted  results  in  an  unconsti- 
tutional application  of  the  regulations  ...  in 

that  no  Congressional  purposes  will  be  achieved 
by  such  application  .  .  .  and  further  that  the 
actions  of  the  Secretary  of  Agriculture  in  set- 

ting aside  and  designating  the  area  in  ques- 
tion .  .  .  [are]  arbitrary  and  capricious  in  that 

no  stated  Congressional  purpose  is  achieved  by 
such  designation  and  promulgation. 

The  regulations  had  been  promulgated  pur- 
suant to  section  551  of  the  Act  of  1897  grant- 

ing the  Secretary  authority  to  make  such  rules 
and  regulations  as  would  insure  the  objects  of 
the  reservations.  In  support  of  their  argument. 

"355  F.  2d  238  (9th  dr.,  Idaho,  1965). 

''' Secretary's   Regulations   U-1    (36   C.F.R.    251 
(b)),  and  U-2  (36  C.F.R.  251.21  (a)). 

the  appellants  stated  that  the  purposes  for 
which  National  Forests  could  be  established, 
as  set  out  in  the  1897  Act,  were  not  altered  in 

any  way  by  the  provisions  of  the  Multiple 
Use-Sustained  Yield  Act  of  1960,  and  that 

to  conform  with  these  purposes  even  a  "wil- 
derness area"  "should  be  administered  [only] 

in  such  a  fashion  as  to  preserve  and  protect 

the  forest  or  the  water  flow  potential  there- 

of." In  arguing  that  the  regulations  in  ques- 
tion "would  seem  to  serve  as  a  prime  example 

of  administrative  policy-making  in  contradic- 

tion to  that  of  Congress,"  the  appellants stated, 

Since  the  power  to  make  regulations  is  adminis- 
trative in  nature,  legislation  may  not  be  enacted 

under  the  guise  of  its  exercise  by  issuing  a 
"regulation"  which  is  out  of  harmony  with,  or 
which  alters,  extends,  or  limits,  the  statute  be- 

ing administered,  or  which  is  inconsistent  with 

the  expression  of  lawmakers'  intent  in  other 
statutes.  The  administrative  officer's  power must  be  exercised  within  the  framework  of  the 
provision  bestowing  regulatory  powers  on  him 

and  the  policy  of  the  statute  which  he  adminis- 
ters. He  cannot  initiate  policy  in  the  true  sense, 

but  must  fundamentally  pursue  a  policy  prede- 
termined by  the  same  power  from  which  he  de- 

rives his   authority. 

Administrative  regulations  which  go  beyond 
what  the  legislature  has  authorized  are  void  and 
may  be  disregarded. 

The  court  review  stated  that  the  "appel- 
lants' position  is  that  regulations  establishing 

primitive,  wilderness,  and  wild  areas  and  pro- 
viding limitations  upon  the  use  to  be  made  of 

such  areas  are  not  authorized  by  Section  551" 
because  the  section  specifies  that  any  regula- 

tion must  have  the  purpose  of  preserving  the 
forest  from  destruction.  The  lines  are  drawn. 

We  have  here  a  specific  question  as  to  the  in- 
terpretation to  be  placed  on  the  meaning  and 

intent  of  the  legislation. 
The  court  further  stated, 

The  consistent  administrative  interpretation  of 

section  551,  however,  has  been  that  while  recre- 
ational considerations  alone  will  not  support 

the  establishment  of  National  Forest,  they  are 
appropriate  subjects  for  regulation.  Congress 
has  tacitly  shown  its  approval  of  this  interpreta- 

tion by  appropriating  the  sums  required  for  its effectuation. 

The  court  concluded  that  the  provisions 

contained  in  the  Multiple  Use-Sustained  Yield 
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Act  of  1960  constitute  "a  recognition  of  past 
administrative  construction."-^  The  court 
cited  the  Senate  Report  accompanying  the 

iMU-SY  Act  which  states,  "the  authority  to 
administer  recreation  and  wildUfe  habitat  re- 

sources of  the  National  Forests  has  been  rec- 
ognized in  numerous  appropriation  acts  and 

comes  from  the  authority  contained  in  the 

Act  of  June  4,  1897,  to  regvilate  the  'occu- 

pancy and  use'  of  the  National  Forests."  The 
court  determined  that  "the  regulations  are 
valid"  and  that  "the  choice  of  what  shall  be 
preserved  is  an  administrative  choice  in  which 
geographical  and  topographical  considerations 
are  certainly  germane  but  hardly  subject  to 

judicial  review."^* 
In  its  judgment,  therefore,  the  court  ac- 

knowledges the  authority  of  the  Forest  Service 

to  administer  the  National  Forest  lands,  with- 
out regard  to  any  priorities  claimed  to  be  es- 

tablished in  the  1897  Act,  even  though  timber 
and  water  purposes  are  required  for  creation 

of  a  National  Forest.  It  suggests  that  the  agen- 
cy will  meet  the  letter  of  the  law  with  respect 

to  administration  even  if  other  resource  uses 

jsometimes  take  priority  over  timber  and  wa- 
iter or  even  exclude  them  from  consideration. 

ijThe  court  thus  recognizes  a  distinction  be- 
tween establishment  and  regulation.  The  ma- 

jor consideration  is  to  be  whether  the  regvila- 
tions  serve  to  protect  the  forest.  The  Ccirlier 
court  findings  were  not  quite  so  explicit  on 
this  issue,  and  as  a  result,  there  has  been  much 

misunderstanding  among  the  various  inter- 
?sted  pairties.  The  period  between  the  passage 
3f  the  1897  Act  and  the  present  must  be 
/iewed  as  evolutionary,  although  intermittent 
:ourt  decisions  leave  the  question  open  to 
;ome  debate.  In  no  case  uncovered  by  this 

author  do   the  early  judicial  proceedings  di- 

^^Whether  or  not  this  administrative  construction 
as  in  fact  consistent  has  been  the  subject  of  debate, 
>  will  be  discussed  in  a  later  section  on  the  MU-SY 
ct.  There  is  evidence,  however  (Bayles  1964,  p. 
15),  that  such  constructions  are  not  necessarily 
iinding. 

26r 
This  last  opinion  by  the  court  concerning  what 

and  what  Is  not  subject  to  judicial  review  was  sub- 
antlally  altered  In  the  decision  In  the  Overton  Park 
ise,  1971.  Seep.  32,  below. 

rectly    contradict    the    interpretation    in    the 
McMichael  case. 

Forest  Service  Direction 

in  the  Early  Years 

A  review  of  the  principal  laws  enacted  pri- 
or to  1960  relating  to  the  establishment  and 

administration  of  the  Forest  Service  similarly 
fails  to  inform  the  researcher  as  to  priorities 
within  the  framework  of  goals. 

The  Transfer  Act  of  1905 

The  Transfer  Act  of  February  1,  1905'^ 
included  among  its  provisions  the  seeds  of  de- 

centralization and  reliance  on  local  authority 
that  characterize  the  Forest  Service.  It  stated 

that  "when  practicable"  forest  supervisors 
and  rangers  were  to  be  selected  "from  quali- 

fied citizens  of  the  States  or  Territories  in 

which  the  national  forests  respectively,  are 

situated."  A  recent  publication  of  the  Forest 
Service  argues  that  this  provision  is  not  in  the 
best  interest  of  the  general  public.  It  has  been 
Forest  Service  practice  to  give  its  employees 
experience  on  various  forests  so  that  they  will 

encounter  many  differing  ecological  subsys- 
tems and  forest  management  problems.  The 

Service  now  argues,  in  the  face  of  consider- 
able criticism  of  the  practice,  that  to  follow 

the  earlier  provision  more  closely  would  lead 

to  "narrow"  training  of  its  forest  managers. ■** 

The  1905  Act  also  stipulated  that  "rights 
of  way  for  construction  and  maintenance  of 
dams,  reservoirs,  water  plants,  ditches,  flumes, 

pipes,  tunnels,  and  canals"  were  to  be  allowed 
within  the  National  Forests  for  municipal  and 

mining  purposes,  but  they  were  to  be  subject 

to  "such  rules  and  regulations  as  may  be  pre- 

scribed by  the  Secretary  of  the  Interior." 
The  Pinchot  Letter 

The   famous  "Pinchot  Letter,"  signed  by 

"33  Stat.  628;  16  U.S.C.  472,  524,  554. 

^*USDA  Forest  Service.  Timber  manaficment  for  a 
quality  environment.  Current  Information  Report 
No.  6,  1971,  p.  27.  For  somewhat  different  com- 

ments, see  91st  Congr.  2d  Sess.,  Senate  Document 
No.  91-115,  A  university  view  of  the  Forest  Service, 
often  referred  to  as  the  "Bolle  Report,"  p.  18;  see  al- 

so USDA  Forest  Service  (1971),  p.  72. 



Secretary  of  Agriculture  James  Wilson  and 

sent  to  Gifford  Pinchot,  first  head  of  the  For- 
est Service,  the  same  day  that  the  Transfer 

Act  was  signed  by  President  Roosevelt,  con- 
tains a  statement  of  agency  policy.  According 

to  former  Chief  of  the  Service  Edward  Cliff,  it 

"has  guided  the  Forest  Service  for  nearly  a 
century,  and  still  does  so  today.  [It  is]  at  the 

very  heart  of  Forest  Service  history. "^^  The 
letter,  actually  written  by  Pinchot,  reads  in 

part, 
In  the  administration  of  the  forest  reserves  it 

must  be  clearly  borne  in  mind  that  all  land  is  to 
be  devoted  to  its  most  productive  use  for  the 
permanent  good  of  the  whole  people  and  not 
for  the  temporary  benefit  of  individuals  or 
companies.  All  the  resources  of  forest  reserves 
are  for  use  and  this  use  must  be  brought  about 

in  a  thoroughly  prompt  and  businesslike  man- 
ner, under  such  restrictions  only  as  will  insure 

the   permanence   of  these  resources. 

The  vital  importance  of  forest  reserves  to  the 
great  industries  of  the  western  states  will  be 

largely  increased  in  the  near  future  by  the  con- 
tinued steady  advance  in  settlement  and  devel- 

opment. The  permanence  of  the  resources  of 

the  reserves  is,  therefore,  indispensable  to  con- 
tinued prosperity,  and  the  policy  of  this  De- 

partment for  their  protection  and  use  will  in- 
variably be  guided  by  this  fact,  always  bearing 

in  mind  that  the  conservative  use  of  these  re- 

sources in  no  way  conflicts  with  their  perma- 
nent value.  You  will  see  to  it  that  the  water, 

wood,  and  forage  of  the  reserves  are  conserved 

and  wisely  used  for  the  benefit  of  the  home- 
builder  first  of  all;  upon  whom  depends  the 
best  permanent  use  of  the  lands  and  resources 

alike.  The  continued  prosperity  of  the  agricul- 
tural, lumbering,  mining  and  livestock  interests 

is  directly  dependent  upon  a  permanent  and  ac- 
cessible supply  of  water,  wood,  and  forage,  as 

well  as  upon  the  present  and  future  use  of  these 

resources  under  businesslike  regulations,  en- 
forced with  promptness,  effectiveness,  and 

common  sense. 

In  the  management  of  each  reserve  local  ques- 
tions will  be  decided  upon  local  grounds;  the 

dominant  industry  will  be  considered  first,  but 
with  as  little  restriction  to  minor  industries  as 

may  be  possible;  sudden  changes  in  industrial 

conditions  will  be  avoided  by  gradual  adjust- 
ment after  due  notice;  and  where  conflicting  in- 

terests must  be  reconciled,  the  question  will  be 
decided  from  the  standpoint  of  the  greatest 
good  of  the  greatest  number  in  the  long  run. 

The    Pinchot   Letter   places   its   strongest 

emphasis  on  the  "permanence"  of  the  forest 

^'^ Letter  from  Edward  P.  Cliff,  Chief,  to  Regional 
Foresters,  Directors,  and  Area  Directors,  April  28, 
1971. 

resources.  This  has  been  a  consistent  policy 
objective  of  the  Forest  Service  and  is  given 

real  meaning  in  the  Multiple  Use-Sustained 
Yield  Act  of  1960. 

The  Pinchot  Letter  also  emphasizes  that 

"all  resources  of  the  forest  reserves"  are  to  be 
available  for  use.  This  has  been  interpreted  to 
be  consistent  with  the  establishment  of  wil- 

derness and  primitive  areas,  among  other  re- 1 
strictions  on  use.  Pinchot  stated  that  these  re- 

sources include  not  only  wood  and  water,  but 

also  "forage."  Here  we  see  that  Pinchot  was 
placing  forage  and  the  range  areas  within  the 

National  Forest  boundaries  on  £in  equal  foot- 
ing with  wood  and  water.  With  respect  to  the 

conditions  necessary  for  prosperity  and  the 
role  of  the  forest  in  that  regard,  he  makes  ng 

distinctions  among  activities  such  as  £igricul- 
ture,  lumbering,  mining,  and  grazing  livestock. 
We  do  find  that  there  is  a  distinction  to  be 

made  between  "dominant  industries"  and 
"minor  industries."  Further,  his  emphasis 
upon  commodity  uses  of  the  National  Forest 
resources  seems  to  fit  with  his  well-known  at- 

titude that  recreational  and  wildlife  uses  of 

the  forest  took  a  second  seat  (Pinchot  1947, 

p.  71.) 

The  Use  Books 

For  evidence  of  internal  priority -setting, 

we  turn  now  to  the  Use  Books,^^  direct! 
forerunner  of  the  present-day  Forest  Service 
Manual.  The  apparent  equal-priority  approach 
to  timber  and  forage  uses  of  the  forest  taken 
by  Pinchot  did  not  last  long  if  the  regulations 
and  statements  in  the  early  Use  Books  are  anj 
indication.  We  find  in  the  first  Use  Book,  pub 

lished  in  1905,  that  any  timber  that  "can  be 
cut  safely  and  for  which  there  is  actual  need' 

^°  Emphasis  added.  The  entire  letter  can  be  founc 
in  many  of  the  Forest  Service  Use  Books  cited  below 
It  is  also  in  the  history  files  of  all  Forest  Service  of 
fice  headquarters.  The  portion  of  the  letter  quote( 
here  is  found  in  Cameron  (1928)  p.  239-240.  See  als( 
The  principal  laws  relating  to  .  .  .  Forest  Servic 
activities  (USDA  Forest  Service  1964,  p.  67). 

^'USDA  Forest  Service,  1905  ff.  Titles  of  thes 
volumes  vary  over  the  years.  For  convenience  the 
will  be  referred  to  here  simply  as  Use  Book,  with  th: 
year  of  publication. 



is  subject  to  sale,  and  this  statement  is  re- 

peated in  subsequent  years. '•^  Prior  to  enact- 
ment of  the  TrcUisfer  Act,  the  Department  of 

Interior  had  stated  even  more  forcefully  that 

"timber  will  be  sold,  both  live  and  dead, 
whenever  the  removal  of  such  material  will  be 

beneficial,  or  at  least  not  detrimental,  to  the 

forest  reserves."''^ 
These  statements  can  be  and  at  times  were 

read  to  imply  that  all  uses  were  to  be  subordi- 
nated to  timber  uses.  It  is  apparent  that  the 

terms  "safely"  and  "not  detrimental"  referred 
to  protection  of  the  productivity  of  the  land 

land  watershed.  But  the  emphasis  was  not  al- 
ways in  that  direction.  The  1906  Use  Book 

icontains  similarly  ambiguous  statements  on 
subordination  of  other  uses  to  timber  and 

water.  It  states  that  "the  Forest  Service  will 
allow   the   use  of  the  forage  crop  of  the  re- 

As  noted  by  McCloskey  (1961),  p.  67.  See  for 
^xample.  Use  Book,  1906,  p.  35,  and  1907,  p.  61. 

"U.S.  Department  of  Interior.  Forest  reserve  man- 
ia!, for  the  information  and  use  of  forest  officers, 

1902,  p.  14. 

serves  as  fully  as  the  proper  care  and  mainte- 
nance of  the  forests  and  water  supply  per- 

mits," and  calls  for  the  exclusion  of  livestock 
for  as  long  as  necessary  to  protect  "camping 
places,  lakes,  and  .streams,  roads,  and  trails, 

etc."  (p.  71,  80).  It  is  stated  also  that  "Forest 
Re.serves  are  for  the  purpose  of  preserving  a 

perpetual  supply  of  timber  for  home  indus- 
tries, preventing  destruction  of  the  forest 

cover  which  regulates  the  flow  of  streams,  and 

protecting  local  residents  from  unfair  compe- 

titi'in  in  the  use  of  forest  and  range"  (p.  13). 
The  books  for  the  next  few  yeairs  contain 

many  examples  of  subordination  of  one  re- 
source or  use  to  another  und^r  particular  con- 

ditions. Grazing  (along  with  recreation  and 

wildlife)  is  referred  to  as  an  "incidental  use" 
(1907,  p.  22-23).  Grazing  was  viewed,  in 
1913,  as  a  temporary  privilege  to  be  allowed 

"only  when  it  does  not  interfere  with  the  pur- 
pose for  which  the  National  Forests  are  crea- 

ted" (Grazing  Sec,  p.  11).  The  year  1913  also 
saw  grazing  take  .second  place  to  wildlife  man- 

agement with  respect  to  natural  breeding  or 
feeding  grounds  (p.  35). 

Sv 

ire  3.  —Recreational  use  of  the  National  Forests  has  increased  substantially  since  1920, 
but  it  still  consists  largely  of  camping  and  sightseeing  from  the  relative  comfort  of  an 
automobile. 



A  step  in  the  evolution  of  the  Forest  Serv- 
ice attitude  toward  grazing  is  seen  in  the  1925 

Annual  Report  of  the  Secretary  of  Agricul- 
ture. He  recognized  the  importance  of  grazing 

and  range  as  a  resource  and  called  for  new  leg- 
islation to  give  permanent  recognition  to  graz- 

ing in  the  management  functions  of  the  Serv- 
ice. Range  use  was  finally  coming  into  its 

own,  but  was  still  to  be  held  under  control  in 

order  to  "protect  all  of  the  resources  in  the 
National  Forests"  (U.  S.  Dep.  Agr.  1925,  p. 
84). 

In  1936,  we  find  a  statement  bringing 
range  and  forage  uses  into  apparent  equality 
with  other  uses  (fig.  4).  The  Use  Book  of  that 

year  states  that  "the  well  being  of  the  live- 
stock industry  is  equally  entitled  to  fair  con- 

sideration. Where  camping  would  seriously  in- 
terfere with  the  livestock  using  certain  desig- 

nated watering  places,  the  forest  supervisor 
may,  by  posting,  exclude  or  restrict  camping 

use"  (Grazing  Sec,  p.  60). 
The  Use  Book  of  1921  stated  that  the  pres- 

ervation of  natural  scenery  was  part  of  the 

total  conservation  of  timber,  forage,  and  wa- 

ter resources. ^''  By  1929,  the  concept  of  mul- 
tiple use  management  had  truly  arrived,  al- 

though the  terminology  was  not  yet  used.  In 
his  Annual  Report  of  that  year,  the  Secretary 

of  Agriculture  stated  that  "National  Forest 
Administration  .  .  .  aims  at  the  coordinated 

development  and  use  of  all  the  forest  re- 
sources, including  recreational  and  wildlife  re- 

sources" (U.  S.  Dep.  Agr.  1929,  p.  43).  Thus 
as  early  as  1929,  we  find  the  specific  identifi- 

cation of  all  five  renewable  surface  resources 

later  spelled  out  in  the  MU-SY  Act  of  1960 
(fig.  5).  Behan  (1967,  p.  47)  found  what  is 
probably  one  of  the  earliest  references  to 

"multiple  use"  per  se  in  a  speech  given  by  a 
District  Ranger  in  1934. 

It  has  been  noted  that  the  Use  Book  of 

1913  gave  priority  to  wildlife  over  grazing. 
Wildlife  management  was  not  placed  on  an 
equal  footing  with  timber  and  water  by  that 

'As  noted  in  McCloskey  (1961),  p.  68. 

Figure  4.  —  A  1932  prize-winning  display  shows  the  emergence  of  grazing  as  an  important  use 
of  the  National  Forests.  Note  the  recognition  of  site  productivity  and  sustained  yield  prin- 
ciples. 
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Figure  5.  —  The  evolution  of  the  concept  of  multiple  use  is  suggested  by  these  Forest  Service 
symbols.  For  more  than  50  years  the  official  emblem  was  the  shield-shaped  badge,  used  to 
identify  both  the  Forest  Service  and  the  National  Forests.  In  1955  the  shield  was  enclosed 
by  a  ring  on  which  the  multiple  uses  were  spelled  out.  In  1960  the  National  Forest  symbol 

was  designed.  Its  "multiple  use  tree/'  the  central  theme  of  the  design,  contains*six  elements. 
The  five  loops  or  branches  stand  for  the  five  major  resources,  and  the  trunk  for  the  nation 
and  its  people  who  benefit  from  the  use  of  these  resources.  The  unbroken  line  symbolizes 
the  interrelationship  and  interdependence  of  the  six  elements.  Shown  also  is  the  Forest 
Service  shield,  pointing  out  a  threefold  responsibility  for  national  leadership  in  forestry  and 
forest  research  as  well  as  National  Forest  System  management. 

statement,  however,  inasmuch  as  the  1913 

Use  Book  stated  that  such  activities  "must  be 
subordinated  to  the  regular  protective  and  ad- 

ministrative work  of  the  Forest  Service" 
[Grazing  Sec,  p.  80).  The  Act  of  May  23, 
1908  (35  Stat.  259)  made  such  preservation 

of  wildhfe  incumbent  upon  the  Forest  Serv- 
ice. The  1921  Use  Book  recognized  that 

game  is  a  product  of  the  forests.  It  adds  ma- 

|;erially  to  the  enjoyment  of  the  National  For- 
sts  .  .  .  as  well  as  to  their  possible  economic 

ises."  It  was  stated  that  "failure  to  take  an 
ictive  part  in  game  protection  will  be  con- 

lidered  neglect  of  duty"  (p.  70). 
The  conflicting  and  often  confusing  evi- 

dence of  the  development  of  management  di- 
rection found  in  the  Use  Books  may  well  be 

lue  to  the  purposes  for  which  they  were  writ- 
en.  They  were  not  meant  to  be  an  ongoing 

■oordinated  policy  statement,  but  were  com- 
nunications  from  Washington  to  the  field, 

pften  stressing  specific  problem.s,  and  this  in- 
luenced  the  directions  provided  and  stressed, 
t  is  not  entirely  correct  to  consider  them 

quivalent  to  the  current  Forest  Service  Man- 
al.  Any  priorities  among  forest  uses  and  re- 
ources  established  during  this  period  by  ad- 
dinistrative  fiat  must  be  seen  as  temporary 
nd  situation  oriented.  Outstanding  in  virtu- 
lly  every   Use  Book   is  the  concern  for  the 

perpetuation  of  the  forest  environment  and 

its  protection  from  depredation.  All  re- 
sources, even  timber  and  watershed  manage- 

ment, were  subject  to  this  overriding  provi- 
sion. 

The  Appropriation  Acts 

The  belief  of  both  the  Congress  and  the 
Forest  Service  that  many  uses  of  the  forest 
are  compatible  and  permissible  in  forest  land 
management  is  adequately  documented  by 
the  various  appropriation  acts  that  apply  to 
the  agency.  None  of  them  provides  substantial 
insight,  however,  into  the  priorities  that  were 
being  established  for  the  use  of  the  resources 
of  the  forested  lands.  They  provide  for  special 
functions  and  uses,  but  they  do  not  supply 
the  information  needed  by  the  Forest  Service 
to  solve  conflicts. 

Various  Agricultural  Appropriation  Acts 
allotted  funds  or  otherwise  provided  for  such 

activities  as  the  following:  wildlife  manage- 
ment and  fish  stocking  in  National  Forest 

waters  (34  Stat.  1269,  1905);  issuance  of  per- 
mits for  construction  of  private  buildings  for 

recreational  purposes,  and  funds  for  range  im- 
provement and  range  research  (38  Stat.  1101, 

1915);  construction  of  watering  places,  cor- 
rals, and  range  division  fences  and  eradication 

of  poisonous   plants  (39   Stat.   1450,  1917); 



tree  planting  aimed  at  preventing  tFie  ravages 
of  erosion  and  flooding  (41  Stat.  706,  1920); 
construction  of  outdoor  sanitary  facilities  at 

campgrounds  (42  Stat.  519,  1922);  purchase 
of  denuded  or  cutover  lands  so  as  to  manage 
them  for  protection  of  navigable  streams  (43 
Stat.  654,  1924);  and  construction  of  a  dam 
(44  Stat.  514,  1926).  In  all  of  these  acts,  and 
in  others  that  could  be  cited,  the  permitted 

uses  were  designed  to  further  the  three  pur- 
poses understood  to  be  established  in  the  Act 

of  1897,  or  v^^ere  at  least  compatible  with 
them.  In  none  of  the  appropriation  acts  can  a 

firm  priority  listing  be  found.  In  a  later  sec- 
tion of  this  paper,  however,  it  will  be  possible 

to  identify  apparent  priorities  by  analyzing 

budget  allocations  to  each  of  the  forest  re- 
sources. 

The  Weeks  Act  and  the 

Clarke-McNary  Act 

The  legislation  passed  in  the  years  follow- 
ing the  Act  of  1897  may  be  viewed  as  broad- 

ening the  scope  of  Forest  Service  responsibil- 
ity. It  did  not,  however,  make  significant 

progress  toward  defining  goals  for  National 
Forest  System  management.  The  Weeks  Act 

of  1911'^  was,  in  part  at  least,  the  result  of 
the  growing  awareness  that  sound  forest  man- 

agement should  be  applied  to  forested  areas  in 
the  East  as  well  as  to  the  public  lands  of  the 

West.  The  Weeks  Act  provided  for  the  pur- 

chase or  acquisition  of  "forested,  cut-over,  or 
denuded  lands  within  the  watersheds  of  navi- 

gable streams"  for  the  "purpose  of  conserving 
the  forests  and  the  water  supply"  as  may  be 
"necessary  to  the  regulation  of  the  flow  of 
navigable  streams  or  for  the  production  of 

timber  .  .  .  ."  Before  any  such  lands  could  be 
actually  purchased  it  had  to  be  shown  that 

"the  control  .  .  .  [would]  promote  the  pro- 
duction of  timber  thereon."  The  act  also  pro- 

vided for  an  annual  $200,000  matching  fund 
to  be  used  in  cooperation  with  the  various 

States  for  the  "protection  from  fire  of  the  for- 
ested watershed  of  navigable  streams."  Some 

26  million  acres  of  land  were  acquired  under 
the  provisions  of  the  act. 

The  Weeks  Act  thus  stipulates  two  major 

priorities  —  protection  of  the  watershed  of 
navigable  rivers  and  timber  production.  For 
two  reasons,  however,  the  act  did  not  help  to 
establish  goals  and  priorities  on  the  National 
Forest  level.  First,  the  provisions  of  the  act  do 
not  apply  to  the  management  or  creation  of 
National  Forests  in  other  areas.  Second,  the 

act  as  amended  stipulates  that  (with  some  ex- 

ceptions;  the  "lands  acquired  under  this  act 
shall  be  permanently  reserved,  held,  and  ad- 

ministered as  National  Forest  lands  under  the 

provisions  of  .  .  .  [the  1891  Act  and  subse- 
quent supplemental  and  amendatory  legisla- 

tion]." Thus  they  were  to  be  managed  and 
administered,  as  opposed  to  being  established, 
under  the  same  policies  as  all  other  National 
Forests. 

The  Clarke-McNary  Act  of  1924^"  was,  ac- 
cording to  Gates  (1968,  p.  596),  at  least  in 

part  the  result  of  "two  sharply  defined  the- 
ories of  the  role  of  the  Federal  government  in 

forest  management  and  protection." 
On  the  one  hand  there  were  those  who 

might  be  called  the  "traditional  conserva- 
tionists" in  the  mold  of  Pinchot,  who  felt  that 

drastic  action  should  be  taken  to  prevent  fur- 
ther depredation  of  the  forests  from  fire, 

disease,  and  insects.  They  also  supported  legis- 

lation requiring  that  private  lumbermen  fol- 
low the  scientific  practices  used  on  the  Na- 

tional Forests.  To  this  group,  it  would  appear, 

establishment  of  the  right  of  government  in- 
tervention was  a  significant  goal  in  itself.  Hav- 

ing witnessed  the  destruction  of  the  European 

forests,  these  men  sought  to  protect  the  for- 
ested lands  in  America  through  government 

control. 

On  the  other  hand  was  a  group  of  younger 

foresters,  led  by  William  B.  Greeley,  who  be- 
came Chief  Forester  in  1920.  This  group  felt 

that  although  action  was  needed,  it  should  be 
based  on  mutual  cooperation  between  the 

Forest  Service,  the  States,  and  the  private  for- 
esters. Both  groups  influenced  the  ensuing  leg- 

islation, and  a  slight  change  in  attitude  is  de- 
tectable when  the  wording  of  the  Weeks  Act 

is  compcired  with  that  of  the  Clarke-McNary 

■'■'Act  of  March  1,  1911,  36  Stat.  961-963;  as 
amended  by  various  subsequent  legislation  —  16 
U.S.C.  480,  500,  513-519,  521,  552,  and  563. 

■'"'Act  of  June  7,  1924,  43  Stat.  653;  as  amended 
16  U.S.C.  471,  505,  515,  564,  565,  565a,  566a-b, 
567,  568,  568a,  569,  and  570. 
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Act.  The  former  "authorized"  cooperation 
between  the  Secretary  and  the  various  States 

"when  requested  to  do  so."  The  latter  stated 
in  several  places  that  "The  Secretary  of  Agri- 

culture is  hereby  authorized  and  directed"  to 
cooperate  with  the  various  States,  State  offi- 

cials, and  land  grant  colleges.  We  see  here  the 
emergence  of  a  broadened  responsibility  for 
the  Forest  Service  which  goes  beyond  the 
management  of  the  National  Forest  System. 

A  closer  look  at  the  Clarke-McNary  Act  in- 
dicates that  it  sought  much  broader  objectives 

than  state  and  private  cooperation.  It  con- 
tinued the  matching  funds  feature  of  the 

Weeks  Act  in  providing  for  support  of  fire 

protection,  distribution  of  seeds  for  reforesta- 
tion, studies  of  taxation  on  forest  lands,  and 

aid  to  small  woodlot  owners.  It  is  important 
to  note  the  wording  of  the  law  with  respect  to 
overriding  goals,  as  opposed  to  methods  of 
achievement.  Throughout,  forest  protection  is 
emphasized. 

With  respect  to  fire  protection,  section  1 
of  the  act  states  that  with  the  cooperation  of 
|the  appropriate  State  officials  the  Secretary 

jwas  to  recommend  "such  systems  of  forest 
[fire  prevention  and  suppression  as  will  ade- 

quately protect  the  timbered  and  cut-over 
lands  therein  with  a  view  to  the  protection  of 
forest  and  water  resources  and  the  continuous 

production  of  timber  on  lands  chiefly  suitable 

therefor"  (emphasis  added).  Section  2  directs 
the  Secretary  to  cooperate  with  States  if  he 

finds  "that  the  system  and  practice  of  forest 
fire  prevention  and  suppression  ...  sub- 

stantially promotes  the  objects  described  in 

[section  1]"  in  the  "protection  of  timbered 
ind  forest-producing  lands  from  fire."  Section 

expands  the  area  of  cooperation,  stating 

;hat  ".  .  .  due  consideration  shall  be  given  to 
-he  protection  of  watersheds  of  navigable 

itreams,  but  .  .  .  cooperation  may  ...  be  ex- 
ended  to  any  timbered  or  forest-producing 
ands  or  watersheds  from  which  water  is  se- 

Wed  for  domestic  use  or  irrigation  within  the 

:o operative  States."  Section  3  states  that 
tudies  are  to  be  carried  out  on  tax  laws,  tax 

nethods,  and  tax  practices  to  discern  their 

'effect  .  .  .  upon  forest  perpetuation."  It 
urther  stipulates  that  the  Secretary  was  to 

jooperate  with  the  States  in  "such  investiga- 

tions and  in  devising  tax  laws  designed  to  pro- 
mote and  encourage  the  conservation  and 

growing  of  timber,  and  to  investigate  and  pro- 
mote practical  methods  of  insuring  standing 

timber  on  growing  forests  from  losses  by  fire" 
(emphasis  added).  Section  4  provides  for 
cooperation  in  the  distribution  of  seeds  and 

tree  plants  "to  the  end  that  .  .  .  [they]  .  .  . 
shall  be  used  effectively  for  planting  denuded 

or  non-forested  lands  .  .  .  and  growing  timber 

thereon."  Sections  8  and  9  again  emphasize 
"lands  chiefly  valuable  for  streamflow  protec- 

tion or  for  timber  production."  Section  9 
contains  some  provisions  concerning  military 
lands,  but  those  provisions  do  not  in  any  way 

imply  rules  for  the  management  of  other  Na- 
tional Forest  lands. 

It  is  interesting  to  see  how  at  times  means 
tended  to  be  viewed  as  ends.  Protection  of  the 

forests  from  fire  (fig.  6)  may  be  a  case  in 
point.  We  have  seen  in  the  discussion  of  these 
two  acts  that  fire  protection  was  to  be  a  tool 
of  forest  management.  Protection  efforts 
came  to  be  overdone,  however,  to  the  point 
where  use  of  fire  for  silvicultural  purposes  was 

suppressed  to  a  great  extent.  The  result  of  this 
confusion  of  means  and  ends,  it  is  claimed  by 
some  (Schiff  1962),  was  deterioration  of  the 
total  forest  environment.  In  recent  years, 
overprotection  of  the  forest  from  fire  has 
been  moderated,  and  controlled  burning  is 

becoming  recognized  by  the  public  as  well  as 
by  the  Service  as  a  useful  option. 

The  McSweeney-McNary  Act 

On  May  22,  1928,  Congress  passed  the 

McSweeney-McNary  Act,  the  first  important 
piece  of  legislation  that  truly  reflected  the 
evolving  concept  of  multiple  use  management 
of  the  National  Forests.  Although  this  statute 

again  emphasized  the  three  resources  specified 

in  the  Act  of  1897,  the  beginnings  of  a  mul- 
tiple use  research  orientation  for  the  Forest 

Service  can  be  discerned.  As  amended  by  vari- 
ous ensuing  acts  the  bill  authorizes  and  directs 

the  Secretary  to  conduct: 

Investigations,  experiments,  and 
tests  ...  in  order  to  determine,  demon- 

strate, and  promulgate  the  best  methods 
of  reforestation  and  of  growing,  manag- 
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Figure  6.  —  Large  forest  fires,  such  as  the  1967  Sundance  fire  in  northern  Idaho,  are 
spectacular,  destructive,  and  dangerous.  Protection  of  the  forests  from  uncontrolled  fire  has 
always  been  a  prominent  aim  in  the  legislation. 

ing,  and  utilizing  timber,  forage,  and 
other  forest  products,  of  maintaining 
favorable  conditions  of  water  flow  and 

the  prevention  of  erosion,  of  protecting 
timber  and  other  forest  growth  from 
fire,  insects,  disease  or  other  harmful 
agencies,  of  obtaining  the  fullest  and 
most  effective  use  of  forest  lands,  and  to 
determine  and  promulgate  the  economic 
considerations  which  should  underlie  the 

establishment  of  sound  pohcies  for  the 

management  of  forest  land  and  the  utili- 
zation of  forest  products  (16  U.S.C. 

581-5811,  emphasis  added). 

The  act  also  specifies  that  investigations 

could  be  made  of  forest  wildlife,  "habits  of 
forest  animals,  birds,  and  wildlife,  whether  in- 

jurious to  forest  growth  or  of  value  as  supple- 
mental resource,  and  in  developing  the  best 

and  most  effective  methods  for  their  manage- 

ment and  control"  (emphasis  added).  The  act 
established  the  system  of  forest  experiment 
stations,  of  which  there  are  now  nine,  located 

throughout  the  United  States.  The  only  re- 
source use  later  spelled  out  but  not  specifical- 

ly identified  in  the  McSweeney-McNary  Act  is 

recreation,  although  a  very  broad  interpreta- 

tion of  the  phrase  "forest  products"  may  even 
include  it. 

Section  9  of  the  act  provided  statutory 
authority  for  what  was  to  become  the  Forest 

Survey  unit  of  the  agency  (fig.  7).  The  pri- 
mary objective  specified  was  a  comprehensive 

survey  (or  inventory)  that  would  facilitate 
balancing  the  timber  budget  of  the  United 
States.  Funding  for  this  operation  was  and  is 
separate  from  the  overall  budget  allotment  to 
research  in  the  Forest  Service  and  has  been 

periodically   adjusted   upward   to   reflect   in- 



Figure  7.  —  The  M cSweeney -M cNary  Act  established  the  Forest  Survey  Unit.  Here  a  forest  in- 
ventory crew  measures  tree  diameter  on  the  Kootenai  National  Forest  in  1965. 

creasing  costs  of  maintaining  the  comprehen- 
sive resurvey  work.  The  emphasis  of  the  sur- 

yey  has  consistently  been  on  timber  as  the  pri- 
mary forest  product,  even  though  the  legisla- 

tion calls  for  a  much  broader  scope  and  orien- 
:ation.  Section  1.4  of  the  Forest  Survey  Man- 
mi  issued  in  1952  repeats  the  wording  of  the 

1949  Forest  Survey  Manual  in  its  interpreta- 

ion  of  legislative  objectives:  "By  the  terms  of 
he  legislation  the  Survey  has  a  responsibility 

or  'other  forest  products'  i.e.,  for  gathering 
md  interpreting  data  on  forest  products  other 
han  timber.  This  phase  of  the  Survey  is  not 

liovered   in  this  manual."  When  the  original, 
leparately  issued  Survey  Manual  was  incorpo- 
ated    into    the    more    comprehensive   Forest 
ervice  Manual  as  section  4813.1,  in  March, 
967,  no  mention  at  all  was  made  of  these 

other  forest  products." 
The  only  reference  uncovered  in  this  study 

to  the  broader  responsibilities  of  the  Forest 
Survey  is  found  in  a  letter  written  by  former 
Secretary  of  y\griculture  Orville  L.  Freeman. 
With  reference  to  a  bill  amending  section  9  of 

the  McSweeney-McNary  Act  to  provide  addi- 
tional funding  for  the  Survey,  Freeman  states. 

Increasing  emphasis  on  the  use  of  forest  land 
for  purposes  other  than  for  growing  timber  has 
produced  a  need  for  basic  natural  resources  in- 

ventory data.  This  additional  information  is  re- 
quired for  meaningful  analysis  of  the  total  tim- 

ber resource  situation.  Before  these  data  can  be 
obtained,  research  on  kinds  of  information 
needed  for  making  decisions  on  management  of 
non-timber  resources  is  required.  Additional 
research  is  also  needed  to  develop  efficient  pro- 

cedures, techniques,  and  methods  for  surveying 

the  forest  land  non-timber  resources.' 

Letter  to  Hon.  Hubert  H.  Hutnphrey,  February 
20, 1967. 
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It  is  questionable  whether  the 

Mc  Sweeney-McNary  Act  provides  any  new 

evidence  of  priorities  among  the  forest  re- 
sources. The  emphasis  on  timber  and  related 

timber  research,  however,  is  consistent  with 

earlier  legislation.  Nevertheless,  as  stated  earli- 
er, the  act  did  reflect  the  evolving  concept  of 

multiple  use  management,  and  contains  other 
implicit  goals. 

The  Knutson-Vandenberg  Act 

The  Knutson-Vandenberg  Act  ̂ *  sheds  fur- 
ther light  on  the  evolution  of  Forest  Service 

goals.  That  act  provided  for  the  establishment 

of  forest  tree  nurseries  to  be  used  in  replant- 
ing and  restocking  cutover  and  denuded  Na- 

tional Forest  lands.  It  further  provided  that 

the  Secretary  could,  in  the  public  interest,  re- 
quire a  deposit  from  any  purchaser  of  Nation- 

al Forest  timber  to  provide  for  planting  or 
seeding,  or  for  cutting,  destruction,  or  other 
removal  of  undesirable  trees  or  other  growth, 
on  the  National  Forest  land  cutover  by  the 
purchaser,  in  order  to  improve  the  future 

stand  of  timber.  The  Knutson-Vandenberg 
Act  funds  are  thus  available  to  the  Forest 

Service  outside  of  Congressional  appropria- 

tions, in  "one  of  the  few  arrangements  by 
which  funds  derived  from  the  federal  lands 

cire  spent  back  upon  them  for  their  improve- 
ment without  loss  of  time  or  money  en 

route"  (Clawson  and  Held  1957,  p.  237).  The 
intention  of  the  act,  though  not  completely 
adhered  to  in  management  of  the  National 

Forest  lands,  was  to  provide  for  the  early  re- 
planting and  regeneration  of  the  National  For- 

ests following  a  timber  removal  action. 

There  is  considerable  evidence  that  the 

Knutson-Vandenberg  Act  was  more  than  a 
first  attempt  at  formalizing  what  was  later  to 
become  the  sustained  yield  provision  in  the 
Multiple  Use  Act  of  1960.  In  recognizing  that 
the  cost  of  replanting  a  cutover  area  could 

properly  be  included  in  the  purchase  price, 
the  legislators  verged  on  defining  the  eco- 

nomic criteria  they  had  called  for  in  the  earli- 
er McSweeney-McNary  Act.  If  the  act  had 

provided  direction,  rather  than  merely  author- 
ization, to  the  Secretary  to  require  a  deposit 

from  timber  purchasers,  the  economics  of  Na- 
tional Forest  management  would  have  been 

drastically  altered.  It  is  not  unreasonable  to 
speculate  that  rather  than  giving  rise  to  the 

current  economic  debate  over  "rates  of  return 

on  invested  capital,"  such  direction  would 
have  established  a  completely  different  orien- 

tation. The  National  Forests  would  have  been 

viewed  as  a  perpetual  source  of  services.  The 
cost  of  utilizing,  harvesting,  or  exploiting  its 

resources  would  have  been  built  into  manage- 
ment decisions.  The  act  did  not  view  the  For- 

est as  a  stock,  to  be  depleted  in  one  area  with 

"investment"  elsewhere  to  make  up  the  dif- 
ference. With  the  deposit  a  rule,  each  timber 

sale  would  be  self-hquidating,  and  provision 
for  a  perpetual  forest  would  be  insured. 

This  was  not  the  ultimate  effect  of  the  law, 
however.  Its  provisions  for  revenue  sharing 

have  largely  distorted  its  usefulness.  The  fail- 
ure to  obtain  the  results  intended  is  due  in 

part  to  inadequate  funding  for  the  replanting 

activity.  In  any  event,  the  Knutson-Vanden- 
berg Act  was  a  further  step  in  the  direction  of 

attaining  legislative  direction  for  "sustained 

yield  management." 

Other  Legislation 

Though  limited  in  application,  the  Bank- 
head-Jones  Farm  Tenant  Act  of  July  22,  1937, 
provides  the  first  comprehensive  legislative 
statement  of  the  multiple  use  approach  to 

public  management  of  the  Forests.  '*''  That act,  sometimes  referred  to  as  the  Submarginal 
Land  Retirement  Act, 

authorized  and  directed  .  .  .  the  Secre- 

tary ...  to  develop  a  program  of  land 
conservation  and  land  utilization  ...  in 

order  thereby  to  correct  maladjustments 
in  land  use,  and  thus  assist  in  controlling 
soil  erosion,  reforestation,  preserving 

natural  resources,  mitigating  floods,  pre- 

venting impairment  of  dams  and  reser- 
voirs, conserving  surface  and  subsurface 

moisture,  protecting  the  watersheds  of 
navigable  streams,  and  protecting  the 

public  lands,  health,  safety,  and  welfare. 

*46  Stat.  527,  16  U.S.C.  576  (June  9,  1930). 
^'50  Stat.  525,  amended  by  56  Stat.  725,  76  Stat. 

607,  76  Stat.  1157;  7  U.S.C.  1010-1012. 



[Amended  in  1962  to  include  protecting 
fish  and  wildlife] . 

The  act  originally  provided,  in  a  section  re- 
pealed in  1962,  that  the  Secretary  could  pur- 

chase such  land  as  would  meet  the  purposes 
of  the  act.  Although  not  spelled  out  in  the 

legislation,  the  "prime  objective  [was]  .  .  .  the 
purchase  and  retirement  from  farming  of  un- 

profitable, badly  eroded,  thin  soiled,  and  ex- 
hausted land,  and  the  removal  of  the  occu- 

pants to  other  more  promising  areas  where 
they  could  be  rehabilitated  and  thus  taken  off 
the  relief  rolls.  The  land  was  to  be  used  either 

for  growing  tree  crops,  for  recreation,  for 

wildlife  refuges,  or  for  pasturage  under  graz- 

ing controls"  (Gates  1968,  p.  599).  Although 
the  act  must  be  viewed  in  the  light  of  its  de- 

pression-years objectives,  it  nevertheless 
marked  a  turning  point  in  the  legislative  ap- 

proach to  forest  land  msinagement. 
The  Forest  Service  was  guided  further  in 

he  direction  of  multiple  use  management 
vith  the  passage  of  the  Sustained  Yield  Forest 

4anagement  Act.""  The  act  provided  that 
'Tn  order  to  promote  the  stability  of  forest 
ndustries,  of  employment  of  communities, 

nd  of  taxable  forest  wealth,  through  continu- 
>us  supplies  of  timber;  in  order  to  provide  for 
continuous  and  ample  supply  of  forest  prod- 

ucts; and  in  order  to  secure  the  benefits  of 

brests  in  maintenance  of  water  supply,  regu- 
ition  of  stream  flow,  prevention  of  soil  ero- 
ion,  amelioration  of  climate,  and  preserva- 

lon  of  wildlife,"  the  Secretary  was  author- 
led  to  form  cooperative  sustained  yield  units 
'fnong  state,  private,  and  federal  lands.  The 
,bt  covered  activities  by  both  the  Depart- 
Aents  of  Agriculture  and  Interior.  Although 
'.1  of  the  forest  products  and  resources  are 
lentioned  in  this  Act,  its  main  intention  was 
ndoubtedly  to  provide  for  the  regulation  and 

lanagement  of  timber  cutting  activities.  Sec- 
pn  3  of  the  act  authorized  the  movement 

;^ay  from  "usual  procedures  in  selling  such 
■'mber  or  other  forest  products  [if]  the  main- 
ijnance  of  a  stable  community  or  communi- 
IBS  primarily  dependent  upon  the  sale  of  tim- 

l?r  or  other  forest  products"  would  thus  be 
lirthered.  If  any  priorities  were  established 
\l7  this  legislation,  it  must  be  said  that  it  was 

40 Act  of  March  29,  1944,  58  Stat.  1.32. 

in  the  direction  of  short-run  monetary  con- 
siderations as  opposed  to  long-run  ecological 

goals. Further  evidence  that  the  Forest  Service 

was  being  guided  toward  the  formal  recogni- 
tion of  multiple  forest  resources  is  given  3 

years  later  in  the  Forest  Pest  Control  Act  of 

June  25,  1947.^'  That  act  called  for  con- 
certed effort  to  eradicate  and  control  forest 

pests  "in  order  to  protect  and  presei-ve  forest 
resources  .  .  .  promote  the  stability  of  forest- 
using  industries  and  employment  associated 

therewith,  aid  in  fire  control  .  .  .  ,  consei-ve 
forest  cover  on  watersheds,  and  protect  recre- 

ational and  other  values  of  forests." 
Although  nothing  in  the  two  acts  cited 

above  alters  any  priorities  understood  to  be 
established  by  the  Act  of  1897,  we  do  find 
here  an  indication  that  Congress  viewed  the 
forests  as  useful  for  certain  purposes  other 
than  securing  favorable  conditions  of  water 
flow,  and  a  continuous  supply  of  timber.  Two 

years  later,  however,  in  the  Anderson- 
Mansfield  Reforestation  and  Revegetation  Act 
of  October  11,  1949,  only  three  resources  are 

directly  mentioned;  timber,  forage,  and  water- 

shed."' In  the  bill,  designed  to  speed  up  the 
reforestation  of  denuded  and  cutover  timber 

and  range  land,  the  primary  emphasis  is  upon 

renewing  or  improving  the  stability  of  the  lo- 
cal communities  dependent  upon  the  forest 

for  their  economic  wellbeing.  No  mention 
whatever  is  made  of  recreation  or  fish  and 
wildlife  management. 

Evidence  of  disregard  for  the  potential  uses 
of  the  forest  is  found  in  the  laws  relating  to 
mining  activities  on  National  Forest  lands.  As 
noted  earlier  with  reference  to  the  Transfer 

Act  of  1905,  control  over  minerals  and  min- 
ing activities  remained  with  the  Department 

of  Interior.  The  two  basic  laws  that  now  gov- 

ern mineral  resources,  the  100-year-old  Min- 

ing Law  of  1872"^  and  the  Mineral  Leasing 
Law  of  1920,'"'  are  widely  recognized  as  ob- 

solete. Under  the  1872  Law,  a  mineral  claim 

^'61  Stat.  177;  16  U.S.C.  594-1  to  594-5. 
''^63  Slat.  762;  16  U.S.C.  581  j,  581  k. 

"'Act  of  May  10,  1872  (17  Stat.  91),  as  amended 
and  supplemented  (30  U.S.C.  22-47). 

*"Act  of  February  25,  1920,  as  amended  and  sup 
plemented  (30  U.S.C.  181-287). 



of  about  20  acres  can  be  located  almost  any- 
where on  the  public  lands,  the  only  specific 

exception  being  the  designated  National 
Parks.  Having  filed  a  claim  with  the  county 
clerk,  for  which  he  is  obliged  only  to  prove 
the  existence  of  a  trace  of  valuable  minerals, 
the  claim  owner  virtually  ties  the  hands  of  the 

Forest  Service  or  Bureau  of  Land  Manage- 
ment. On  such  claims,  the  agencies  have 

almost  no  power  to  prevent  destructive  activi- 
ties. The  claim  owner  has  the  right  to  build 

roads,  cut  trees,  dig  massive  holes,  build  an 
airport,  or  even  build  and  maintain  a  winter 
sports  complex,  as  long  as  he  maintains  the 

legal  basis  of  the  "mine."  In  Utah  alone  there 
are  some  70,129  valid  claims  on  Forest  Serv- 

ice lands.  Although  only  some  12,062  of 
these  have  had  the  necessary  assessment  work 
performed  to  maintain  title,  the  other  58,067 
represent  a  large  amount  of  land  that  cannot 

be  managed  as  it  ought  to  be.''^  For  the  most 
part  these  lands,  along  with  the  activities  as- 

sociated with  them,  are  outside  the  manage- 
ment scope  of  the  agency. 

The  conditions  attached  to  lands  leased 

under  the  1920  Law  provide  more  direct  con- 
trol, but  management  powers  are  limited  by 

practical  considerations.  The  Multiple  Use 

Mining  Law  of  1955"^  (the  title  is  mislead- 
ing) does  not  go  beyond  the  statement  that 

the  United  States  has  the  right  to  manage  the 
surface  vegetative  resources  on  nonpatented 
mining  claims  in  the  National  Forest. 

A  Comment  on  Legislation  to  1960 

Some  general  conclusions  may  be  drawn 
from  the  preceding  review.  First,  there  is  no 

apparent  ranking  of  resource  uses  on  the  Na- 
tional Forest.  The  original  provisions  of  the 

1897  statute  have  in  no  way  been  altered  or 
substantially  modified  by  any  congressional 
action  taken  to  this  point  in  the  analysis.  As 

""^ Editorial,  "Interior  Secretary  Morton  proposes 
needed  revision  of  old  mining  law,"  Ogden  Standard 
Examiner,  November  28,  1971,  p.  4A.  See  also 

O'Callaghan  (1967),  p.  249. 

'"'69  Stat.  369.  A  compendium  of  the  laws  per- 
taining to  mining  and  other  subsurface  uses  of  the 

National  Forests  can  be  found  in  USDA  Forest  Serv- 

ice (1964),  p.  26-40.  For  a  readable  treatment  of  this 
difficult  subject  area,  see  Swenson  (1968). 

indicated  in  the  discussion,  priorities  were  ex- 
tremely flexible:  here  timber  was  viewed  as 

primEiry,  there  water,  and  still  elsewhere  recre- 
ation, wildlife,  or  forage.  For  the  most  part, 

any  activities,  including  the  three  mentioned 
in  the  1897  Act,  were  subject  to  one  major 
provision;  they  were  not  to  be  allowed  if  they 
directly  or  indirectly  altered  the  productivity 
of  the  forest  land  so  as  to  affect  substantially 

the  prospects  of  fulfilling  the  original  intent 
of  the  forest  reservation.  Further,  all  the  legis- 

lation to  1960  points  to  concern  for  the 
permanence  of  the  forest  resources.  Some 

writers  have  claimed  that  the  legislation  sub- 
ordinates all  other  resources  or  activities  to 

timber  and  water,  but  this  study  maintains 
that  such  a  conclusion  is  not  warranted.  The 

courts  and  legislation  from  1960  on  have  con- 
sistently made  clear  that  all  uses  of  the  forest 

were  to  be  allowed.  It  must  be  recognized 
that  in  the  earlier  period  of  Forest  Service 
management,  special  concern  was  shown  for 
timber  management  and  production.  Against 
this  background,  the  intent  of  Congress  in 

passing  the  legislation  of  the  1960's  can  be 
more  clearly  discerned. 

The  Mtiltipio  Use  - Sustained  Yield  Act 

(MU-SY) 
On  June  12,  1960,  the  Multiple  Use- 

Sustained  Yield  Act  (MU-SY  Act)^'  was 
passed  and  proclaimed  by  its  proponents  as  a 

major  victory  for  scientific  forest  manage- 
ment. For  the  first  time  since  the  original 

enabling  legislation  of  1897  (which  continued 
to  provide  the  primary  body  of  law  guiding 

and  directing  the  activities  of  the  Forest  Serv- 
ice) Congress  listed  in  a  single  statute  all  of 

the  renewable  surface  resources  understood  to 

come  under  the  management  of  the  Service. 
The  unusually  brief  act  specifies  in  part. 

It  is  the  policy  of  the  Congress  that  the 
National  Forests  are  established  and  shall 

be  administered  for  outdoor  recreation, 

range,  timber,  watershed,  and  wildlife 
and  fish  purposes.  The  purposes  of  this 
Act  are  declared  to  be  supplemental  to, 
but  not  in  derogation  of,  the  purposes 

'74  Stat.  215;  16  U.S.C.  528-531. 



for  which  the  National  Forests  were  es- 
tabhshed  as  set  forth  in  the  Act  of  June 

4,  1897  (16U.S.C.  475)   

The  Secretary  of  Agriculture  is  author- 
ized and  directed  to  develop  and  admin- 
ister the  renewable  surface  resources  of 

the  National  Forest  for  multiple  use  and 
sustained  yield  of  the  several  products 
and  services  obtained  therefrom.  In  the 
administration  of  the  National  Forests 

due  consideration  shall  be  given  to  the 
relative  values  of  the  various  resources  in 

particular  areas.  The  establishment  and 

maintenance  of  areas  of  wilderness  ai"e 
consistent  with  the  purposes  and  provi- 

sions of  this  Act  .  .  . 

As  used  in  this  Act,  the  following  terms 
shall  have  the  following  meanings: 

(a)  "Multiple  Use"  means  the  manage- 
ment of  all  the  various  renewable  surface 

resources  of  the  National  Forests  so  that 

they  cire  utilized  in  the  combination  that 
will  best  meet  the  needs  of  the  American 

people;  making  the  most  judicious  use  of 
the  land  for  some  or  all  of  these  re- 

sources or  related  services  over  areas 

large  enough  to  provide  sufficient  lati- 
tude for  periodic  adjustments  in  use  to 

conform  to  changing  needs  and  condi- 
tions; that  some  land  will  be  used  for  less 

than  all  of  the  resources,  each  with  the 

other,  without  impairment  of  the  pro- 
ductivity of  the  land  with  consideration 

being  given  to  the  relative  values  of  the 
various  resources,  and  not  necessarily  the 
combination  of  uses  that  will  give  the 
greatest  dollar  return  or  the  greatest  unit 
output. 

(b)  "Sustained  yield  of  the  several  prod- 
ucts and  services"  means  the  achieve- 
ment and  maintenance  in  perpetuity  of  a 

high-level  annual  or  regulair  periodic  out- 
put of  the  various  renewable  resources  of 

the  National  Forests  without  impairment 
of  the  productivity  of  the  land  (emphasis 
added). 

Although   much   has  been   written  on  the 

political  maneuverings  behind  the  passage  of 

this  piece   of  legislation,   only   a   few   of  the 

preliminaries  will  be  dealt  with  here."'* Strong  pressures  had  been  building  up 
throughout  the  nation,  acting  in  apparently 
different  directions,  but  all  exerted  in  behalf 

of  single-purpose,  priority  uses  of  the  forests 
or  forest  segments.  Recollecting  the  events  of 
10  years  eaiiier,  R.  E.  McArdle  (Chief  of  the 
Forest  Service  in  1960)  states: 

To  further  complicate  the  situation  I  faced  dur- 
ing my  early  years  as  Chief  came  more  frequent 

questions  as  to  our  legislative  charter  for  allow- 
ing some  uses  of  the  National  Forests,  specif- 

ically grazing,  wildlife  management,  and  recre- 
ation. The  best  legal  advice  I  could  get  was  that 

although  specific  enactments  comparable  to 
those  for  timber  and  water  might  be  lacking, 

there  was  adequate  evidence,  these  experts  be- 
lieved, to  defeat  any  court  challenge  that  might 

be  raised.  Nevertheless,  the  lack  of  clearcut, 

specific  authority  caused  us  some  concern. 

McArdle's  statement  simply  echoes  the 
findings  in  the  legislative  review  provided  thus 
far.  There  still  exists  the  problem  of  priority 
among  the  recognized  and  .sanctioned  uses  of 
the  various  forest  products  and  services.  The 

original  draft  legislation  of  the  MU-SY  Act 
sent  to  Congress  did  not  include  the  provision 
earlier  alluded  to  that  nothing  in  the  bill  was 
to  be  in  derogation  of  the  1897  statute.  If,  as 

some  have  argued,  priorities  of  resource  man- 
agement were  established  in  the  1897  Act, 

then  by  the  inclusion  of  the  reference  to  the 

1897  Act,  the  MU-SY  Act  simply  specified 
the  uses  and  resources  that  would  have  to  be 
considered  subordinate  uses. 

The  inclusion  of  that  reference  was  the  di- 
rect result  of  actions  taken  by  the  National 

Lumber  Manufacturers'  Association,  specif- 
ically at  the  request  of  Mr.  Nolan,  general 

counsel  of  Weyerhauser.  In  reporting  on  the 
reaction  of  the  Forest  Service  representatives 
to  the  hearings  on  this  point,  Edward  Crafts 

reports: 
Our  position  in  rebuttal  was  that  the  1897  Act 

did  not  precisely  say  .  .  .  that  the  primary  pur- 
poses of  the  National  Forests  were  timber  and 

water  ...  If   you   read   the    1897   Act  carefully. 

'^'^See  McCloskey  (1961),  p.  50-56;  Crafts  (1970); 
and  McArdle  (1970). 

''''McArdle  (1970),  p.  59.  The  "experts"  proved 
correct,  as  indicated  by  the  court  findings  in 
McMichael  v.  United  Stales,  discus.sed  above. 



you  cannot  find  anything  in  it  that  gives  pri- 
ority to  timber  and  water.  Yet,  to  be  perfectly 

frank,  that  had  been  the  customary  understand- 
ing in  the  past  both  in  the  Forest  Service  and 

outside  .  .  .  Our  interpretation  of  the  sentence 
is  that  it  really  has  no  significance  with  respect 
to  management  of  the  National  Forests.  It  does, 
however,  concerning  their  establishment.  The 
1897  Act  said,  among  other  things,  that  no  Na- 

tional Forest  shall  be  established  except  for  cer- 
tain specified  purposes  and  then  a  little  later 

timber  and  water  are  mentioned  as  two  of  the 
purposes.  Now  when  the  Multiple  Use  Act  says 
that  it  is  not  in  derogation  of  the  1897  Act  but 
supplemental  to  it,  the  effect  is  that  the  Nation- 

al Forests  now  may  have  as  one  of  the  purposes 
of  establishment  one  of  the  other  resources 
enumerated  in  the  first  sentence.  But  in  addi- 

tion you  must  also  have  either  water  or  timber. 
In  other  words,  it  means  that  a  National  Forest 
cannot  be  established  just  for  recreation  alone 
or  for  range  alone,  but  it  can  have  one  or  more 
of  those  purposes  as  objectives  of  establishment 
if  it  also  has  water  or  timber.  ° 

A  brief  review  of  the  hearings  on  the  bill 
and  the  statements  made  on  the  congressional 
floor  at  the  time  of  its  consideration  indicates 

that  much  effort  was  expended  in  an  attempt 

to  preserve  "pet"  priorities  —  those  of  special 
importance  to  certain  groups.  The  listing  of 
the  resources  alphabetically  in  the  bill  was 

merely  an  attempt  to  prevent  any  overt  indi- 
cation of  that  intent.  Widespread  support  for 

the  bill  was  achieved  by  "satisficing"  all  of 
the  various  interest  and  pressure  groups.  In 
the  end,  however,  it  is  doubtful  if  any  of  the 
maneuvering  altered  the  basic  direction  out- 

lined in  the  act. 

The  overriding  priority,  common  to  both 

the  Act  of  1897  and  the  MU-SY  Act  of  1960, 
is  concern  for  the  permanence  (i.e.,  sustained 
yield)  of  the  forest,  which  is  to  be  regarded  as 
an  ecological  system.  Thus,  as  emphasized 

throughout  the  foregoing  discussion,  regard- 
less of  any  administrative  priorities  that  may 

have  been  established  among  the  resources  (or 

uses,  or  products)  of  the  forest,  all  manage- 
ment considerations  must  be  directed  toward 

the  prevention  of  "destruction  and  depreda- 
tion" of  the  forests  (Act  of  1897)  and  toward 

the    "harmonious   and   coordinated   manage- 

ment of  the  various  resources  .  .  .  without  im- 

pairment of  the  productivity  of  the  land" 

(MU-SY  Act).'' There  is  no  indication  from  the  foregoing 
that  there  has  been  any  legislative  intent  to 

identify  priorities  in  use.  Historically,  Nation- 
al Forest  administration  has  consistently 

evolved,  albeit  slowly,  toward  a  position  of  no 
established  priorities,  with  weights  left  to  be 
assigned  on  a  regional  or  local  basis.  Even  now 

that  evolution  is  proceeding  within  the  organ- 
ization. Further  evidence  of  the  validity  of 

this  interpretation  is  found  in  the  enactment 
of  the  National  Environmental  Policy  Act  of 
1969  and  the  Wilderness  Act  of  1964. 

The  Wilderness  Act 

In  the  Wilderness  Act  of  1964,"  a  Nation- 
al Wilderness  Preservation  System  was  estab- 

lished with  provisions  for  review  of  certain 
areas  as  to  the  suitability  of  their  remaining 
within  the  wilderness  classification  (fig.  8). 

Having  set  up  the  reasons  why  a  wilderness 
system  was  desirable  and  specifying  what  it 

meant  by  an  area  of  wilderness,  the  bill  speci- 
fied that  "all  areas  within  the  National  Forest 

classified  at  least  30  days  before  the  effective 

date  of  this  Act  ...  as  'wilderness,'  'wild,'  or 
'canoe'  are  hereby  designated  as  wilderness 

areas."  Having  then  set  up  a  process  for  re- 
view of  the  land  so  designated,  the  act  con- tinues, 

(a)  The  purposes  of  this  Act  are  hereby 
declared  to  be  within  aind  supplemental 

to  the  purposes  for  which  National  For- 
ests and  units  of  the  National  Park  and 

national  wildlife  refuge  systems  aire  es- 
tablished and  administered  and  .... 

(1)  Nothing  in  this  Act  shall  be  deemed 
to  be  in  interference  with  the  purposes 

^°Crafts  (1970)  p.  52,  emphasis  added.  The  court 
opinion  in  the  McMichael  case  is  in  agreement  with 

this  interpretation,  although  it  cites  a  "consistent  ad- 
ministrative interpretation"  that  Crafts'  statement  in- 

dicates did  not  prevail. 

'' Rogers  (1969,  p.  129)  similarly  interprets  the 
law:  "There  is  no  obligation  whatever  upon  the  Secre- 

tary to  sell  one  log  from  National  Forest  lands, 
except  as  it  may  be  incident  to  the  management  of 
those  lands  for  sustained-yield  production.  He  is 
authorized  to  sell,  but  not  required  to  do  so,  and  the 
amount  he  sells  is  completely  within  his  administra- 

tive discretion"  (emphasis  added). 
52 

78  Stat.  890;  16  U.S.C.  1131-36. 
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Figure  8.  ̂   A  highline  trail  in  the  vicinity  of  Dream  Lake  in  the  Bridger  Wilderness  Area, 
Bridger  National  Forest.  The  Wilderness  Act  declared  the  management  of  such  areas  for 
wilderness  values  to  be  within  the  intent  of  multiple  use  directives. 

for  which  National  Forests  are  estab- 
lished as  set  forth  in  the  Act  of  June  4, 

1897  (30  Stat.  11),  and  the  Multiple-Use 
Sustained-Yield  Act  of  June  12,  1960 
(74  Stat.  215). 

Here  then  we  have  a  direct  indication  by 

he  Congress  of  its  interpretation  of  the  mean- 
ng  of  the  original  enabling  legislation.  In  the 
Vilderness  Act  the  Congress  declared  that  the 
iise  and  classification  of  certain  portions  of 
he  National  Forest  System  as  wilderness 

preas,  independent  of  their  commercial  value 
ior  timber  and  watershed  protection,  is  recog- 

iized  to  be  "within"  the  intent  of  the  original 
egislation.  No  new  priorities  are  established 

ly  this  legislation,  but  it  does  give  clear  evi- 
■.ence  that  as  of  1964  the  Congress  of  the 
fnited  States  was  interpreting  the  meaning  of 
he  1897  Act  very  broadly.  The  action  did 
ot  suggest  that  there  was  any  question  as  to 
iie  valid  management  of  the  National  Forests 

l^r  purposes  other  than  those  specified  in  the 
897  statute.  The  wording  of  the  Wilderness 
■ct  was  such  as  to  minimize  the  importance 

of  any  priorities  that  may  have  been  estab- 
lished in  timber  production  in  the  1897  Act. 

Any  priority  of  uses  that  may  have  existed 
due  to  Forest  Service  policies  over  the  years 

must  then  be  viewed  as  just  that  —  discre- 
tionary policy,  in  no  way  directed  by  the 

1897  Act  itself. 

There  is  considerable  disagreement  as  to 

the  intent  of  Congress  with  respect  to  the  ex- 
pansion of  such  wilderness  classifications,  but 

that  is  beyond  the  scope  of  this  study.  A  re- 
view of  the  8  years  of  legislative  background 

of  the  act  suggests  that  once  again  political 
realities  dictated  a  wording  vague  enough  to 

persuade  the  various  interest  groups  that  the 
bill  said  what  they  wanted  it  to  say  (.see 
Keane  1971b). 

Th<^  IViitioiial  EnvironiiK^ntiil 

PolUyArt  IMEPAI 
The  National  Environmental  Policy  Act  of 

1969  (83  Stat.  852)  added  yet  another  dimen- 
sion to  the  interpretation  of  the  legislative  di- 



rection  given  to  the  Forest  Service  in  its  man- 
agement functions.  It  reinforced  the  provi- 

sions of  the  Multiple  Use-Sustained  Yield  Act. 

The  NEPA  stated  as  its  purpose  "To  declare  a 
national  policy  which  will  encourage  produc- 

tive and  enjoyable  harmony  between  man  and 
his  environment;  to  promote  efforts  which 

will  prevent  or  eliminate  damage  to  the  en- 
vironment and  biosphere  and  stimulate  the 

health  and  welfcire  of  man;  to  enrich  the  un- 

derstanding of  the  ecological  systems  and  nat- 
ural resources  important  to  the  Nation;  and  to 

establish  a  Council  on  Environmental 

Quality." Section  102  of  the  NEPA  contains  the 

following  extremely  important  provisions: 

The  Congress  authorizes  and  directs  that, 
to  the  fullest  extent  possible:  (l)the 
policies,  regulations,  and  public  laws  of 
the  United  States  shall  be  interpreted 
and  administered  in  accordance  with  the 

policies  set  forth  in  this  Act,  and  (2)  all 
agencies  of  the  Federal  Government 
shall  .  .  .  identify  and  develop  methods 
and  procedures  .  .  .  which  will  insure 

that  presently  unquantified  environ- 
mental amenities  and  values  may  be  giv- 

en appropriate  consideration  in  decision- 
making along  with  economic  and  techni- 

cal considerations  .  .  .  [all  agencies  are 

to]  study  develop  and  describe  appropri- 
ate alternatives  to  recommended  courses 

of  action  in  any  proposal  which  involves 

unresolved  conflicts  concerning  alterna- 
tive uses  of  available  resources  .  .  .  [and 

to]  initiate  mid  utilize  ecological  infor- 
mation in  the  planning  and  development 

of  resource-oriented  projects  .  .  . 
(emphasis  added). 

The  NEPA  is  unequivocal  in  its  specifi- 
cation that  alternatives  of  land  management 

are  to  be  both  identified  and  thoroughly  eval- 
uated. The  courts  have  since  given  further  em- 
phasis to  that  requirement.  In  the  case  of 

Citizens  to  Preserve  Overton  Park,  Inc.  v. 

John  T.  Volpe^^  the  Supreme  Court  took  im- 
portant action.  The  case  involved  the  decision 

to  route  a  six-lane  highway  through  a  public 

park  in  Memphis,  Tennessee.  The  Department 
of  Transportation  had  shown  no  evidence  that 
it  had  investigated  alternative  routes.  Neither 
had  it  made  a  full  assessment  of  the  environ- 

mental impact  of  its  actions.  The  Court  re- 
manded the  case  to  a  lower  court  for  adjudi- 

cation. Separate  opinions  by  Justices  Black 
and  Brennan  in  the  Overton  Park  case  are  an 

important  clue  to  future  directions  that  the 
Court  might  be  expected  to  take.  A  reading  of 

their  opinion  indicates  that  they  found  it  re- 
pulsive to  think  that  important  decisions  were 

being  made  without  the  raising  of  a  finger  to 

comply  with  congressional  intent. 

The  opinion  in  the  case  of  Calvert  Cliffs 
Coordinating  Committee,  et  al.  v.  U.  S.  Atom- 

ic Energy  Commission^'*  is  even  more  direct 
in  the  interpretation  it  places  on  the  NEPA. 

Calling  the  act  an  "action-forcing"  man- 
date, the  court  said  that  agencies  are  com- 

pelled to  follow  the  mandate  of  the  NEPA 

and  stated  that  "the  procedural  aspects  are 
not  highly  flexible,  but  rather  establish  a 

strict  standard  of  compliance."  The  court 
showed  that  it  is  less  wiUing  to  listen  to  argu- 

ments about  the  time  required  to  implement 
the  law  than  agencies  are  willing  to  offer  theml 
as  excuses  for  noncompliance.  The  court] 

stated:  "The  introduction  of  environmenta 

matters  cannot  have  presented  a  radically  un-l 
settling  problem.  And,  in  any  event,  the  obj 
vious  sense  of  urgency  on  the  part  of  Congress 
should  make  clear  that  a  transition,  howeve^ 

'orderly,'  must  proceed  at  a  pace  faster  than 

funeral  procession." 
Although  opinions  may  differ  as  to  the  in^ 

tent  and  meaning  of  the  legislative  directior 
contained  in  the  Act  of  1897  and  subsequent 
acts,  the  NEPA  is  explicit  in  stating  how  anj 
such  differences  are  to  be  resolved.  Whenever 
a  statute  leaves  room  for  doubt  as  to  its  inl 

tent,  the  act  directs  that  it  be  "to  the  fullest 
extent  possible  .  .  .  interpreted  and  adminis- 

tered in  accordance  with  the  policies"  of  the 
act  (see  Donovan  1971).  It  further  states  that 

the  "policies  and  goals  set  forth  in  this  act 
are  supplementary  to  those  set  forth  in  exist- 

ing authorizations  of  Federal  agencies."  The 
act  is  far  reaching  and  there  are  indications 

'28  L.  Ed.  2d  136,  401  US  402,  1971. '449  F.  2d  1189  (D.C.  Cir.,  1971). 
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that  its  implementation  will  place  a  consider- 
able burden  on  the  various  agencies  as  they  at- 

tempt to  meet  its  requirements.  But  there  is 
little  room  for  equivocation  in  one  respect. 

The  Forest  Service  must  interpret  its  manage- 
ment function  as  preserving  and  enhancing 

the  environmental  values  and  amenities  to  the 

greatest  extent  possible  (fig.  9).  The  NEPA 
gives  broader  meaning  to  such  phrases  as 

"destruction  and  depredation"  and  "without 
impairment  of  the  productivity  of  the  land," 
contained  in  earlier  legislation. 

The  Mandates  and  the;  Go.il 

Where,  then,  do  we  stand  in  our  search  for 

goals  and  priorities  to  guide  the  policy  formu- 
lation and  management  of  the  National  Forest 

System?  Two  conclusions  are  indicated. 

Maximize  Total  Value 

First,  the  goal  specified  to  the  Forest  Serv- 
ice is  to  maximize  the  total  value  of  the  Na- 

tional Forests.  Although  this  goal  is  nowhere 

spelled  out,  the  sum  total  of  the  legislation  re- 
viewed implies  it.  Maximization,  for  exam[)le, 

is  not  specifically  identified,  but  nevertheless 

is  called  for.  Thus  Pinchot  ordered  that  "all 
land  is  to  be  devoted  to  its  most  productive 

use."  Further,  his  call  for  "the  greatest  good 

of  the  greatest  number  in  the  long  run"  im- 
plies maximization,  if  anything.  The  Mc- 

Sweeney-McNary  Act  told  investigators  "  to 
determine  and  promulgate  the  economic  con- 

siderations which  should  underlie  the  establish- 

ment of  sound  policies.  .  .  ."  The  MU-SY  Act 
calls  on  the  agency  to  make  the  most  judicious 
use  of  the  land.  (Other  asi^ects  of  the  goal  will 

be  specifically  indentified  in  a  following  sec- 

tion.) The  Forest  Service,  in '"seeking  to  thus 
maximize  total  value,  must  evaluate  as  com- 

pletely as  possible  the  environmental  effects  of 
any  actions  it  takes  with  respect  to  the  various 
resources  in  their  realm  of  management.  These 
resources  are  implied  in  the  early  legislation 

and    finally    specifically    identified    in    the 

Figure  9.  —  The  Forest  Service  mandate  requires  the  preservation  and  enhancement  of  environ- 
mental values  and  amenities,  including  such  panoramic  vistas  as  this  one  of  Little  Redfish 

Lake  on  the  Sawtooth  National  Forest  in  Idaho. 



MU-SY  Act.  They  are  fish  and  wildhfe,  out- 
door recreation,  range  and  forage,  environ- 

mental amenities  and  esthetics,  soil  and  water- 
shed, and  timber. 

To  guide  policy,  two  overriding  considera- 
tions £ire  app£irent  in  virtually  all  of  the  legis- 
lation reviewed:  first,  no  activity  may  be  en- 
gaged in  if  it  will  result  in  the  destruction, 

depredation,  or  diminishing  of  the  land's 
productivity;  and  second,  all  resources  are  to 
be  managed  on  a  sustained  yield  basis.  As  we 
have  seen,  these  have  been  treated  as  separate 
considerations  in  some  of  the  legislation,  but 

as  one  integral  policy  in  others.  In  the  frame- 
work of  the  decisionmaking  process  set  out  in 

the  earlier  discussion,  these  environmental 

and  production  considerations  form  a  part  of 
the  total  goal.  Because  no  specific  direction  is 

given  in  the  NEPA  as  to  how  attempts  to  "im- 

prove" the  environment  should  be  made, 
these  two  objectives  will  be  viewed  as  "con- 

straining" elements  in  the  agency  goal,  rather 
than  separate  goals. 

The  problems  of  maintaining  the  produc- 
tivity of  the  land  are  complex,  and  their  solu- 

tion requires  research  into  ecological  relation- 
ships and  the  development  of  specific  con- 
cepts of  productivity  with  respect  to  individ- 

ual resources.  Some  aspects  of  these  problems 
will  be  mentioned  in  later  sections  of  this 

paper.  The  legislation  is  clear,  however,  that 

"as  far  as  possible"  the  obstacles  must  be  met 
and  research  efforts  must  even  more  than  in 

the  past  be  aimed  in  that  direction. 

No  Assigned  Priorities 

Beyond  the  goal  of  maximizing  the  total 

value  of  the  forest,  including  the  goal  con- 
straints of  environmental  protection  and  sus- 

tained yield  management,  the  second  conclu- 
sion reached  here  is  that  there  is  little  indica- 

tion that  Congress  has  specifically  indicated 

priorities  among  forest  uses.  The  MU-SY  Act 

speaks  of  "relative  values"  of  resources  but 
does  not  clearly  distinguish  these  from  pri- 
orities. 

Any  attempt  to  derive  from  the  MU-SY  Act 
an  implication  of  either  equal  priorities  or  a 

dominant-use,  single-purpose  priority  seems 
unjustifiable.  It  is  apparent  that  in  the  strug- 

gle to  get  the  legislation  through  the  Congress 

by  enlisting  the  support  of  diverse  interest 
groups,  it  was  necessary  to  guarantee  that  no 
priorities  would  be  specified  in  the  act.  No 
priorities  does  not  mean  equal  priorities;  it 
means  the  absence  of  any  specified  priorities. 
Although,  in  the  decisionmaking  process,  all 
of  the  various  resources  are  to  be  given  equal 
consideration,  nothing  in  the  legislation  that 
has  been  reviewed  suggests  that  once  values 
for  the  various  resources  are  established  in 

connection  with  any  proposed  action,  those 

values  are  to  have  "equal  weights"  attached  to 
them.  Rather,  the  opposite  is  imphed.  The 
weights  to  be  assigned  to  each  of  the  resource 

values  appear  to  have  been  left  for  determina- 
tion on  a  local  or  regional  basis. 

The  question  remains,  then,  has  the  Forest 
Service  used  its  legislative  mandate  to  develop 

a  clear  statement  of  goals  to  guide  its  manage- 
ment decisions?  A  policy  statement  by 

Edward  Cliff  may  clarify  the  problem. 

In  February  1970,  Chief  Cliff  issued  to  all 
Forest  Service  personnel  a  pamphlet  titled 

"Framework  for  the  Future,"  deahng  with 
the  objectives  and  policy  guides  of  the  agen- 

cy. The  statement  attempted  to  provide  "a 
new  framework  to  help  guide  our  thinking 
and  decisionmaking  throughout  the 
Service  .  .  .  [and]  identify  the  general  scope 
and  character  of  the  role  the  Forest  Service 

should  play  in  the  society  of  today  and 

tomorrow. "^^ 
The  objectives  are  statedly  not  listed  by 

priority.  Chief  Cliff  recognizes  that  "there  is  a 
hierarchy  of  objectives,  policies,  and  goals  at 

each  major  level  of  the  Forest  Service  organi- 

zation structure."  The  statement  further  rec- 

ognizes that  "the  interrelationships  among 
various  objectives  and  policies  must  be  an  in- 

tegral part  of  decisionmaking  at  all  organiza- 
tional levels,  ranging  from  the  most  all- 

encompassing,  long-range  planning,  to  identi- 
fication of  specific  targets  of  immediate  con 

cern."  The  objectives  listed  in  "Framework 
for  the  Future"  are 

To  promote  and  achieve  a  pattern  of  natural 
resource  uses  that  will  best  meet  the  needs 
of  people  now  and  in  the  future. 
To  protect  and  improve  the  quality  of  air, 
water,  soil,  and  natural  beauty. 

Ji 

"^'Embodied  in  the  Forest  Service  Manual  as  Sec 
tion  1033. 
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c.  To  help  protect  and  improve  the  quality  of 
the  open  space  environment  in  urban  and 
community  areas. 

d.  To  generate  forestry  opportunities  to  ac- 
celerate rural  community  growth. 

e.  To  encourage  the  growth  and  development 
of  forestry-based  enterprises  that  readily  re- 

spond to     consumers'  changing  needs. 
f.  To  seek  optimum  forest  landownership  pat- 

terns. 

g.  To  improve  the  welfare  of  underprivileged 
members  of  society. 

h.  To  involve  the  public  in  forestry  policy  and 
program  formulation. 

i.  To  encourage  the  development  of  forestry 
throughout  the  world. 

j.  To  expand  public  understanding  of  environ- 
mental conservation. 

k.  To  develop  and  make  available  a  firm  scien- 
tific base  for  the  advancement  of  forestry. 

It  should  be  apparent  to  the  reader  that 

this  hst  of  "objectives"  does  not  satisfy  the 
requirement  we  have  set  up  in  our  discussion 

of  decisionmaking.  We  need  an  exphcit  state- 

ment of  overriding  goals.  The  list  in  "Frame- 

work for  the  Future"  is  simply  a  group  of 
statements  on  program  scope  and  methods  of 
goal  achievement.  They  do  not  represent  goals 

themselves,  except  ptn-haps  for  "a"'  and  "b", 
which  are  so  Inroad  that  they  lack  real  mean- 

ing. As  Hagenstein  (1971)  comments,  "it  is 
disquieting  to  find  the  program  scope  is  con- 

fused with  objectives." 
This  list  of  objectives,  in  its  apparent  fail- 

ure to  recognize  the  place  of  goals  in  decision- 
making, is  a  clue  to  the  day-to-day  operations 

of  the  Forest  Service.  Such  a  broad  and  un- 

focused policy  orientation  has  the  unintended 

effect  of  diverting  attention  from  the  overrid- 
ing goal  of  National  Forest  land  management. 

The  best  way  to  identify  the  goal  of  National 
Forest  management  is  to  look  at  the  actual 

and  implied  goals  as  specified  in  the  enabling 
legislation  of  the  Forest  Service.  This  we  have 

done.  The  next  step  then,  is  to  take  the  legis- 
lative mandate  and  from  it  construct  the  deci- 

sion model  it  implies. 



A  (;OAL-OKIE\TED 
DECISION  MODEL 

It  has  been  seen  that  rational  decision- 
making requires  clear  specification  of  the 

goals  to  be  achieved.  The  preceding  discussion 
has  reviewed  the  legislative  background  and 
the  evolution  of  the  Forest  Service  mandate. 

Some  critics  claim  that  all  past  legislation  sim- 
ply adds  up  to  confusion  and  the  agency  is 

left  to  "fly  by  the  seat  of  its  paints. "  I  believe, 
however,  that  a  stipulated  goal  and  an  implied 

decision  model  can  be  discerned  in  the  legisla- 

tion. This  section  puts  forward  a  simple,  gen- 
eralized model  that  seeks  to  express  the  goal 

contained  in  the  legislation  in  a  symbolically 
descriptive  format. 

The  decision  model  presented  here  is  not 
intended  as  a  comprehensive  planning  tool. 
Rather,  it  is  an  attempt  to  supply  a  base 
against  which  to  evaluate  charges  that  the 
Forest  Service  pursues  no  goals.  If  there  has 
been  a  failure  on  the  part  of  the  agency,  this 
consists,  I  believe,  in  its  apparent  inability  to 
clarify  its  goals  in  the  framework  of  a  decision 
model.  Further,  a  clear  plan  of  execution  is 

lacking  —  one  that  is  in  harmony  with  a  stated 
goal.  Once  a  goal  is  stated,  investigators  may 
legitimately  criticize  either  the  goal  itself,  or 
the  actions  taken  by  the  Forest  Service  to 
achieve  it. 

Failure  to  identify  a  goal  is  subject  to  criti- 
cism in  itself,  but  too  often  critics  take  a  dif- 

ferent approach.  Unable  to  find  evidence  of 
an  internally  held  goal,  they  tend  to  assume 
some  goal  that  in  their  view  ought  to  guide 
the  Forest  Service,  and  then  discuss  agency 

action  or  inaction  in  relation  to  it.  The  ques- 
tion is  not  in  what  ways  does  the  agency  fail 

to  live  up  to  your  goal  or  mine,  but  rather,  is 

the  agency  actively  and  efficiently  pursuing 
the  goal  specified  to  it  by  the  people  through 
Congress? 

It  is  of  course  a  pi^oper  function  of  investi- 
gators to  question  the  suitability  of  this  or 

that  goal  specified  in  the  legislation.  It  is  per- 
fectly justifiable  to  suggest  changes  in  that 

goal  to  improve  mainagement  of  the  National 

Forests  or  more  closely  reflect  the  "needs  of 
the  American  people,"  which  legislation  aims 
to  serve.  In  this  context,  criticism  of  current 

agency  practice  may  be  reasonable.  Change  is 
needed,  for  example,  when  it  is  apparent  that 

existing  goals  inadequately  reflect  social  wel- 
fcire  considerations  and  public  desires,  or  when 

the  mandated  goals  are  impossible  or  extreme- 
ly difficult  to  achieve. 

The  model  presented  here  is  a  "bare 
bones"  description  of  the  goal  of  the  agency 
with  respect  to  National  Forest  administra- 

tion. It  is  necessarily  simplified  to  accommo- 
date a  wide  audience.  Some  readers  may  find 

the  presentation  woefully  abbreviated;  others 
may  find  it  overly  detailed.  The  aim  has  been 
to  steer  a  middle  course. 

The  model  is  not  intended  as  a  final  or  per- 
fect interpretation  of  the  legislation,  although 

every  effort  has  been  exerted  to  make  it  an 
accurate  appraisal.  It  is  presented  primarily  to 
fill  a  void  in  current  decisionmaking  practices. 

Many  ongoing  agency  projects  are,  in  part  at 
least,  also  aimed  at  filling  this  void,  and  this 

study  will  perhaps  be  helpful  in  such  studies. 

The  model  glosses  over  some  important  con- 
siderations in  order  to  be  broadly  useful.  Fu- 

ture agency  action  may  correct  this  defi- 
ciency; the  creation  of  a  more  complex  model 

as  a  planning  tool  lies  within  the  agency  re-.i 
sponsibility.  f| 

You,  the  reader,  especially  if  you  are  a  pro- 
fessional forester  within  the  agency,  should 

relate  to  the  model  in  a  very  special  way. 
First,  ask  yourself  if  what  follows  adequately 
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represents  the  legislative  mandate.  If  it  does 
not,  or  you  can  see  other  mandated  goals  that 
are  not  identified  here,  work  to  build  a  more 

accurately  descriptive  decision  model.  Sec- 
ond, if  this  is  the  goal  that  is  being  actively 

pursued  by  the  agency,  ask  yourself  whether 
the  public  clamor  represents  an  attack  on  the 
goal  itself  or  on  efforts  to  achieve  it. 

It  may  be  that  even  though  the  model  is  an 
accurate  description  of  the  mandate,  it  is  so 

broad  and  vague  or  so  demanding  as  to  be  im- 
possible to  implement.  Constraints  placed  on 

the  actions  of  the  agency  may  tie  its  hands. 
The  required  information  may  be  impossible 
to  generate.  The  model  may  have  more  than 
one  optimal  solution  or  prove  to  be  otherwise 

open  ended.  Society,  with  its  constantly 

changing  attitudes  and  priorities,  may  so  dras- 
tically alter  future  decisions  as  to  make  the 

implied  long-range  planning  difficult  if  not 
impossible.  These  are  possibilities,  not  neces- 

sarily facts.  But  if  the  goal  is  untenable,  the 

agency  would  do  well  to  stop  deluding  itself 

that  it  is  carrying  out  its  mandate,  and  active- 
ly work  for  the  adoption  of  a  goal  that  can  be 

achieved. 

Even  those  who  deny  that  the  model  ade- 
quately embodies  the  legislative  mandate  can- 

not ignore  the  necessity  of  building  such  a 
model.  To  those  who  feel  that  the  decision 

model  expressed  here  is  too  "ivory  tower," 
too  academic,  the  question  must  be  asked,  If 

this  is  not  the  goal  you  seek  and  if  your  ac- 
tions aire  not  taken  in  relation  to  this  goal, 

then  what  goal  do  you  pursue?  Whatever  the 
legislative  mandate  is,  total  commitment  to 

goal-oriented  decisionmaking  is  essential  in 
National  Forest  management. 

TIm^  forest  Mo<l€5l 

The  legislative  mandate  is  here  interpreted 

•'^o  require  the  Forest  Service  to  maximize  the 
total  weighted  value  of  the  National  Forests, 
always  keeping  in  mind  the  requirement  that 
all  of  the  renewable  resources  are  to  be  man- 

j^ed  on  a  sustained  yield  basis  without  im- 

pairment of  the  productivity  of  the  land.  A 
further  constraint,  not  specifically  identified 
so  far  in  our  discussion,  is  the  budget  require- 
ment. 

The  name  of  the  model,  FOREST,  is  an 

acronym  made  up  of  the  first  letter  of  each  of 
six  terms  for  the  separate  renewable  surface 
resources  named  in  the  legislation  as  subject 
to  direct  management  control  l>y  the  Forest 
Service.  The  resources,  all  but  one  of  which 

are  referred  to  in  the  MU-SY  Act,  are  fish  and 
wildlife  (F),  outdoor  recreation  (O),  range 
(forage)  (R),  environmental  amenities  (E),  soil 

and  watershed  (S),  and  timber  (T)."''  Al- 
though the  resources  are  separately  identified, 

it  is  clear  that  the  intent  of  the  mandate,  as 

expressed  in  the  NEPA,  the  MU-SY  Act,  and 
most  of  the  earlier  legislation,  was  to  manage 
them  in  harmony  with  one  another,  so  that 
the  end  result  would  be  to  maximize  the  sum 
of  all  their  values.  There  is  no  indication  that 

it  was  the  intention  of  Congress  to  call  for  the 

maximization  of  any  one  of  the  resources  — 
timber,  or  outdoor  recreation,  for  example  — 
without  consideration  of  how  such  produc- 

tion would  affect  the  total  benefit  to  be  de- 

rived from  the  forests  -  that  is,  maximization 
of  T  or  O  without  reference  to  F,  R,  E  and  S. 

Thus  the  MU-SY  Act  calls  for  "harmonious 
and  coordinated  management  .  .  .  with  con- 

sideration being  given  to  the  relative  [i.e., 

weighted]  values  of  the  various  resources.  .  .  ." 
Thus  the  model  integrates  the  concept  of 
multiple  use  with  the  preceding  legislation 
and  the  more  comprehensive  mandate  of  the 
NEPA.  Reidel  (1971)  calls  for  just  such  a 
model. 

In  the  model,  the  basic  symbols  are  quali- 
fied by  subscript  and  superscript  symbols. 

The  subscripts  are  coefficients  representing 

weights  or  priorities  on  the  separate  resources 
and  on  the  values  derived  from  them.  The  val- 

ue of  the  output  is  indicated  by  an  asterisk. 
Thus  F*  stands  for  the  value  of  fish  and  wild- 

life. The  stipulated  goal  thus  appears  in  the 
model  as  follows: 

MAXIMIZE  [^f''+    o'+    r''+    e'''+    s'+    t'i f         o  r      ̂ e      ̂ s      ̂ t      I 

"■''The  acronym  is  "pure,"  that  is,  it  reflects  the 
language  of  the  legislation  in  identifying  the  re- 

sources, with  one  exception.  The  MU-SY  Act  speaks 
only  of  watershed,  but  it  is  common  practice  within 
the  agency  to  combine  soil  and  water  in  most  man- 

agement considerations.  Although  five  of  the  six  re- 
sources are  thus  specifically  named  in  the  MU-SY 

Act,  and  the  sixth  in  the  NEPA,  the  model  is  meant 
to  represent  much  more  than  just  those  acts. 



The  model  is  definite  in  its  implications.  It 
indicates  that  the  agency  does  not  have  a  large 
number  of  different  goals.  Rather,  a  single 

goal  calls  for  those  actions  by  which  the  great- 
est total  value  will  be  derived  from  the  Na- 

tional Forests.  Since  the  actual  value  of  any 
of  the  resources  is  determined  in  part  by  the 

output  of  the  other  resources  —  for  example, 
the  benefits  derived  from  watershed  are  func- 

tionally related  to  the  size  and  method  of  tim- 
ber harvest  —  the  total  value  will  not  neces- 

sarily be  maximized  by  the  attempt  to  maxi- 
mize each  of  the  resources  independently. 

The  model  emphasizes  that  we  are  working 
with  alternatives  of  individual  resource  man- 

agement within  alternatives  of  land  use  — 
wheels  within  wheels.  By  calling  for  the  maxi- 

mized sum  of  separately  identified  resource 
values,  the  model  recognizes  that  in  actual 

practice  each  resource  will  necessarily  be  sep- 
arately managed  to  some  extent.  But  the  legis- 

lation calls  for  the  integration  of  such  man- 
agement efforts  to  insure  that  all  independent 

decisions,  taken  together,  achieve  the  desired 
result.  The  legislation  thus  calls  for  the  total 
value  of  FOREST  to  be  maximized,  the  value 
of  each  individual  resource  being  considered 
only  within  its  ecological  setting.  This  general 
equilibrium  requirement  of  the  legislation  is 
difficult  to  put  into  practice.  For  the  most 
part,  as  will  be  seen  in  later  discussions,  the 

agency  now  aims  at  partial  equilibrium  solu- 
tions that  stress  the  maximization  of  value, 

use,  or  production  of  each  resource  separate- 
ly. This  is  not  consistent  with  the  mandate 

given  to  the  agency. 
The  FOREST  model  is  hmited  to  National 

Forest  administration,  and  thus  ignores  much 
of  the  activity  within  the  agency  as  it  relates 
to  some  areas  of  research  and  to  State  and 

private  cooperation  and  other  activities.  For 
obvious  reasons,  the  discussion  of  the  model 

brushes  lightly  over  certain  issues  that  are  sub- 
ject to  debate  among  specialists,  such  as  the 

correct  interpretation  of  this  or  that  provision 

in  the  legislation  —  specifically,  alternative  for- 
mulations of  the  implications  contained  in 

the  sustained  yield  provisions  of  the  law.  The 
model  embodies  some  arbitrary  decisions  on 
the  expression  of  certain  considerations.  An 
illustration  is  the  treatment  of  the  Wilderness 
Act  of  1964. 

The  question  might  well  be  asked,  Where 
are  wilderness  values  in  the  stipulated  goal?  In 
order  to  make  the  model  as  manageable  as 
possible,  I  chose  to  reflect  wilderness  values  as 
contained  in  the  other  specified  resources. 
Various  values  inherent  in  wilderness  areas  are 

thus  considered  to  be  represented  in  outdoor 
recreation,  in  environmental  amenities,  in  soil 
and  watershed,  and  in  fish  and  wildlife.  From 

another  viewpoint,  wilderness  might  be  seen 
not  as  six  resources  but  rather  as  one  resource 

containing  those  six  resources  cind  others  — 
the  FOREST,  an  entity,  in  which  the  resources 

have  no  value  apart  from  the  wilderness  itself. 
By  treating  the  wilderness  as  spread  out 

among  the  various  renewable  surface  re- 
sources, the  FOREST  model  does  not  ade- 

quately take  account  of  the  nonrenewability 
of  a  virgin  forest  or  wilderness.  Nevertheless, 
for  descriptive  purposes  this  treatment  was 
deemed  warranted. 

Other  resources  may  come  to  mind  that 

are  not  spelled  out  in  the  model,  such  as  min- 
erals within  the  National  Forest  boundaries. 

The  review  of  legislation  made  clear  that  min- 
erals are  not  directly  or  adequately  control- 
lable under  the  current  Forest  Service  direc- 
tives. This  situation  might  well  be  altered  in 

the  near  future,  but  it  seemed  inappropriate 
to  include  minerals  in  a  management  decision 
model  based  on  the  existing  legislation. 

A  further  example  of  choice  between  pos- 

sible approaches  is  the  treatment  of  environ- 
mental amenities  (E).  As  stated,  each  of  the 

resources  in  the  goal  is  identified  in  the 

MU-SY  Act,  with  the  exception  of  environ- 
mental amenities,  which  although  alluded  to 

or  implied  in  much  of  the  earlier  legislation, 
were  not  given  specific  recognition  until  the 
passage  of  the  NEPA.  It  would  not  have  been 
unwarranted  to  treat  the  environment  as  an 

all-encompassing  term,  rather  than  as  a  sepa- 
rate resource,  thus  expressing  the  intent  of  the 

NEPA  with  respect  to  interagency  coopera- 
tion. With  this  in  mind,  the  NEPA  might  be 

interpreted  as  calling  for  the  maximization  of 
the  value  of  the  urban,  or  agricultural,  or 
oceanic  environments,  etc.  This  treatment  did 
not  fit  well,  however,  into  an  analysis  of  the 
responsibility  for  the  limited  area  of  National 
Forest  administration.  The  reader  will  un- 

doubtedly  find   other   instances   of   choice 



among  alternative  expressions  of  particulai"  as- 
pects of  the  Forest  Service  mandate. 

The  FOREST  Model 
Ehiboratecl 

On  the  basis  of  the  preceding  statement, 
we  now  consider  the  model  in  symbolic  form 

as  a  more  complete  statement  of  Forest  Serv- 
ice goals.  As  such,  it  is  adaptable  as  a  decision- 

making tool. 

Symbolic  Statement 

The  mandate  to  maximize  the  weighted 

value  of  the  National  Forests  subject  to  con- 
straints in  the  form  of  site  productivity,  .sus- 

tained yield,  and  budget,  can  be  expressed  in 
the  following  manner: 

GOAL 

Maximize  the  sum  of  the  weighted  values 
of  the  FOREST  resources. 

MAXIMIZE 
*  *  ;i;  * 

F   +    O  +    R  +    E 

The   symbols  are  interpreted  according  to  the 
following  pattern: 

F*  is  the  value  of  fish  and  wildlife.  It  may 
le  derived  from  the  actual  physical  output 
nultiplied  by  a  unit  market  price  or  some 

Dther  estimator."  The  output  is  determined 
tartly  by  technology  and  the  levels  of  produc- 

tive inputs  used  in  the  production  (or  manage- 

ment) of  fish  and  wildlife  (that  is,  capital  Kp, 
abor  Ip,  land  Lp).  In  the  light  of  ecological 
interaction  it  is  also  determined  in  part  by  the 
evelsof  physical  output  of  the  other  FOREST 

esources.  Thus,  F  =  function  of  Kp,  Ip,  Lp, 
]),  R,  E,  S,  T,  that  is,  the  production  function. 

;,    The  lower  case   f,   in   the   symbolic  state- 

jpent  of  the  goal   above,  indicates  the  weight 
T  premium  placed  on  values  derived  from  use 
r  production  of  fish  and  wildlife. 

CONSTRAINTS 

Site  Productivity 

Total  productive  capability  of  the  FOREST 
1  the   future   must  not  be  impaired  relative 

More  precisely,  the  imputed  unit  value  may  be  a 
arket  price,  a  shadow  price,  or  a  Lagrangian  multi- 
ier  and  would  show  up  as  a  coefficient  f*.  Thus  f '  F 
F*. 

to  such  productive  capability  of  the  FOREST 
today. 

(FOREST)      ,  >  (FOREST) p+1  p 

where  p  =  current  period,  p+1  =  future  period. 

2.   Sustained  Yield 

Growth  or  net  periodic  increments  in  each 
of  the  resources  in  the  future  must  be  main- 

tained at  a  level  at  least  ecjual  to  the  present 
level  of  growth.  Under  no  circumstances  are 

the  current  levels  of  hai'vesting  or  use  of  the 
resources  to  be  greater  than  the  net  periodic 
increment  or  ability  of  the  resources  to  renew 

themselves  (p  period  =  p-|^,  P2,  .  .  .  ,  i),^;  peri- 
ods of  undefined  length). 

Net  periodic  Net  periodic  Periodic 
increment  of         increment  of  harvest  of 

resource  in       ~    resource  in       ~~     resource 

future period(s) 

^F(p+1)      - 

current 

period G 

G 
T(p+1] 

> 

F(p) 
'T(p) 

> 

> 

H, 

Hr 

3.   Budget  Restrictions 

Actual  expenditures  on  the  separate  re- 
sources may  vary  by  as  much  as  7  percent  of 

the  amount  budgeted,  but  such  variation  is 
limited  in  that  the  total  actual  expenditures 
may  not  exceed  the  total  amount  budgeted. 

The  subscript  a  indicates  actual  expendi- 
tures; the  subscript  b  indicates  amounts  budg- 

eted for  each  of  the  separate  resources. 

Total  Expenditures  <  Total  Budget  Allotment 

<Fo     +     O^     +     R,,     +     E,,    +    So    +    TJ   < 

(F5      +      O5      +     R/,     +     E/,     +     S^     +     T^) 

where   the  above  is  further  constrained  such 
that 

1.07   F5    >    F,,   >    .93   F^ 

1.07  T5   >    Tq   >    .93   T5 



The  Production  Function 

This  study  purposely  does  not  enter  into 
the  calculations  necessary  to  implement  the 

model.  Nor  does  it  attempt  to  specify  the  na- 
ture of  the  interactions  between  the  re- 

sources, that  is,  the  production  function  for 
each  of  the  separate  resources.  We  have  seen 
in  the  explanation  of  the  symbols  above  that 
for  each  resource  a  comprehensive  production 

function  must  be  spelled  out.  This  shov^^s  the 
relation  of  that  resource  to  each  of  the  others 

and  defines  its  ov^m  labor,  capital,  land,  and 

technological  input-output  relationships.  For 
outdoor  recreation,  for  example,  the  physical 

output  O  =  function  of  (Kq,  1q,  Lq,  F,  R,  E, 
S,  T,).  To  make  this  production  function  de- 

terminate will  require  a  total  management  ef- 
fort by  specialists,  including  silviculturists, 

biologists,  hydrologists,  economists,  and  many 
others.  Much  of  this  work  has  long  been  a 

major  part  of  agency  research,  using  and  de- 
veloping the  comprehensive  data  that  are 

available  on  the  ecological  and  social  sub- 
systems of  the  forests.  If  it  is  oriented  to  the 

specified  goal,  the  work  of  ̂ ency  specialists 
can  be  redirected  toward  fitting  together  the 
sundry  pieces  into  a  meaningful  management 
tool  as  required  by  the  decision  model. 

An  illustration  of  the  general  pattern  of  re- 
source value  measurement  will  be  helpful.  The 

value  of  timber  is  partly  based  on  the  prices 
offered  in  the  market  for  the  different  timber 

species  and  products.  These  prices  represent 
an  expression  of  value  as  established  in  the 

market.  Such  prices,  however,  vary  over  time, 

and  a  thorough  analysis  would  require  de- 
mand and  supply  projections  indefinitely  into 

the  future  for  the  various  timber  products. 
Further,  the  value  of  timber  will  be  affected 

by  the  harvest  program  levels  pursued  by  the 
Forest  Service  as  these  affect  the  allowable 
cut  calculations.  The  demand  for  the  timber 

(harvested)  will  be  affected  by  changes  in 
population,  construction  technology,  and 
other  conditions.  Further,  unharvested  timber 
is  valuable  in  itself  as  it  interacts  in  the  eco- 

logical and  social  subsystems.  Thus  a 

"market"  price  for  timber  will  not  be  appli- 
cable to  that  portion  of  timber  which  is 

classed  as  wilderness.  In  this  and  other  ways, 
the  estimator  or  uidex  number  of  timber  val- 

ues will  be  altered  and  shaped  by  the  interac- 
tion of  timber  resources  with  the  other  re- 

sources of  the  forest.  In  this  context  the  state- 
ment in  the  MU-SY  Act  that  the  best  combi- 

nation is  "not  necessarily  the  combination  of 
uses  that  will  give  the  greatest  dollar  return  or 

the  greatest  unit  output"  is  given  meaning. 
An  estimate  of  unit  value  for  timber  must 

be  comparable  to  the  estimate  of  unit  value  of 
watershed.  The  value  of  watershed,  however, 
may  be  measured  in  terms  of  water  quality, 
erosion  and  soil  stability,  yield  or  water  flow, 
water  turbidity,  or  other  considerations. 

These  values  depend  in  large  part  on  the  pro- 

gram levels  applicable  to  the  other  forest  re- 
sources. Similarly,  the  value  of  fish  £ind  wild- 

life may  be  meeisured  in  total  population  (for 

example,  the  size  of  an  elk  herd)  as  well  as  in 
numbers  of  species.  Again,  as  indicated  in  the 

model,  the  physical  output  (and  thus  the  real- 
izable value)  will  be  in  part  determined  by  the 

physical  outputs  of  the  other  resources. 

It  is  apparent  that  in  a  decision  model  of 
this  type,  the  values  must  be  stated  in  terms 
of  some  common  unit  of  measurement.  Nor- 

mally, when  a  firm  produces  two  or  more  out- 
puts, it  must  have  an  index  of  values  (a  nu- 

meraire) that  allows  the  addition  of  diverse 

physical  outputs.  (Price  often  serves  as  a  nu- 
meraire, making  it  possible  to  add  the  val- 

ue of  apples  and  the  value  of  oranges.)  Obvi- 
ously, the  FOREST  model  calls  for  such  a 

numeraire  by  which  to  estimate  an  imputed 
unit  value  for  each  resource.  These  may  be 

shown  as  f*,  o*,  r*,  e*,  s*,  t*.  Just  how  these 
unit  value  estimators  are  to  be  determined  is 

the  problem,  however.  As  will  be  seen  in  later 

discussion,  the  agency  already  has  trouble  get- 
ting reliable  estimates  of  physical  outputs  (the] 

F,  O,  R,  E,  S,  T  terms  in  the  model).  How  it 
will  get  a  suitable  numeraire  is  not  within  the 
scope  of  this  study  to  suggest.  The  model,  as] 

previously  stated,  is  not  a  planning  tool  in  it- 
self, but  rather  an  effort  to  interpret  what  the 

law  says  is  the  agency  goal.  The  weakness  otm\ 
the  model  in  this  regard  reflects  the  desire  of 

Congress  to  find  some  way  to  measure  the  im- 
measurable. Implied  but  not  specified  in  the 

goal  is  the  research  required  to  carry  out  the 

agency's  responsibility  as  spelled  out  in  the 
NEPA.  To  that  end,  the  act  calls  for  insuring 

An 



"that  unquantified  environmental  amenities 
and  values  may  be  given  appropriate  consider- 

ation in  decisionmaking."  Noting  the  weak- 
ness of  the  model,  however,  does  not  lessen 

the  force  of  its  implications. 

The  Site  Productivity  Constraint 

Constraint  1  is  designed  to  specify  in  the 

decisionmaking  model  the  statement  con- 
tained in  the  MU-SY  Act  and  emphasized  in 

the  NEPA  that  no  action  is  to  be  taken  if  it 

means  there  will  be  "impairment  of  the  pro- 
ductivity of  the  land."  The  legislative  review 

indicates  that  this  provision  occurred  many 
times  in  earlier  laws  and  court  decisions  apart 
from  its  connection  with  sustained  yield.  For 

this  reason,  it  was  treated  as  a  separate  con- 
straint. If  this  site  productivity  constraint 

were  taken  literally,  however,  it  would  pre- 
clude any  management  action;  therefore  it  has 

been  interpreted  in  a  "total"  sense.  For  exam- 
ple, the  construction  of  a  logging  road  neces- 

sary to  realize  the  value  in  timber  (T='')  maght 
very  well  be  expected  to  decrease  the  achiev- 

able value  of  soil  and  watershed  (S*)  by  virtue 
|of  erosion  accompanying  even  the  best- 

idesigned  road.  ̂ ^  The  road  may  at  the  same 
time,  however,  increase  the  achievable  values 

of  outdoor  recreation  (O*)-  A  literal  inter- 
pretation would,  therefore,  preclude  any  man- 

agement action  since  it  would  mean  the  site 

[had  deterioriated  with  respect  to  the  potential 
lvalue  to  be  achieved  in  soil  and  watershed. 

The  legislators  undoubtedly  recognized,  how- 
ifever,  that  one  resource  may  gain  at  the  ex- 

ipense  of  another  in  a  limited  area.  Thus  in  the 
iSymbolic  terms  of  the  model,  ( FOR- 

teST)p+;^>  (FOREST)p  means  that  the  total 
ioroduction  capability  of  the  land  in  the  fu- 

ture time  periods  must  be  enhanced,  or  at  a 
tonstraining  level,  cannot  be  made  less  than  in 
he  previous  time  period. 

The  Sustained  Yield  Constraint 

Constraint  2  is  designed  to  show  the  impli- 
jation  of  sustained  yield  in  the  decisionmak- 
ig  process.   The  MU-SY   Act  specified   that 

'sustained  yield  of  the  several  products  and 
0rvices'  means  the  achievement  and  mainte- 

nance in  perpetuity  of  high  level  annual  or 

regular  periodic  output  of  the  various  re- 

sources of  the  National  Forest . .  .  ."  To  illus- 
trate, for  outdoor  recreation  this  suggests  that 

campgrounds  should  not  be  so  heavily  utilized 

as  to  destroy  their  capacity  for  use  in  the  fu- 
ture (fig.  10).  In  some  instances  this  has 

meant  closing  off  certain  areas  to  public  use 

temporiuily,  until  the  resource  base  could  be 
restored  to  its  former  level.  Here  we  might  be 

saying  that  the  use  or  harvest  of  a  resource 
must  be  nonconsumptive. 

It  could  conceivably  be  argued  that  the 

sustained  yield  constraint  makes  the  site  pro- 
ductivity constraint  inoperative,  because  in  its 

strictest  sense,  the  sustained  yield  constraint 

may  not  allow  net  reductions,  in  output  (pro- 

ductivity) over  time.^''  The  two  con.straints 
must  be  viewed  simultaneously,  however.  As 
far  as  can  be  determined  from  the  legislation, 

the  site  productivity  constraint  seems  to  ap- 

ply to  potential  output  or  use  value  in  a  long- 
mn  sense,  without  regai'd  to  the  present  har- 

vest levels.  It  seems  to  be  designed  to  prevent 
activities  in  the  present  that  will  preclude  the 
attainment  of  potential  values  in  the  future. 
Sustained  yield,  on  the  other  hand,  seems  to 

apply  to  the  shortrun  situation,  as  determined 
by  specific  management  activities. 

The  weakness  of  the  model  in  this  respect 
merely  reflects  ambiguity  in  the  legislation. 
Both  management  and  legislative  efforts 
should  be  made  to  clear  up  this  problem.  One 

point  should  be  emphasized.  Both  constraints 

represent  the  current  awareness  that  the  Na- 
tional Forests  are  important  for  values  other 

than  timber.  The  sustained  yield  constraint 

applies  to  all  of  the  renewable  surface  re- 
sources of  the  forests,  including  watershed, 

range,  recreation,  and  wildlife.''"  Current  prac- 

^*  Choice  of  this  example  does  not  imply  that  a 
bad  may  not  in  fact  increase  watershed  values,  or 

■ave  them  unaffected,  under  certain  conditions. 

'■'See  Keane,  Eucn  flow  -  VV.s  or  No''  (1971a). 
There  is  considerable  debate  as  to  the  economic  sense 

(or  nonsense)  of  the  sustained  yield  provision  in  the 
law.  For  a  discu.ssion  of  the  issues  see  Smith,  An 
economic  view  suggests  the  concept  of  sustained  yield 

should  have  gone  out  with  the  crosscut  sau'  (1  9(i9). 

""The  MU-SY  Act  fails  to  recognize  that  in  order 
to  raise  output  from  timber  or  recreation  on  virgin 
forest,  it  is  necessary  to  destroy  that  virgin  quality. 
Limiting  sustained  yield  management  direction  to 

"renewable"  resources  may  lead  to  .serious  neglect  of 
certain  ecological  con.siderations. 



Figure  10.  ̂   By  1968,  when  this  picture  was  taken,  30  years  of  recreation  use  had  destroyed 
virtually  all  understory  vegetation  in  the  Point  Campground,  Redfish  Lake,  Sawtooth  Na- 

tional Forest,  Idaho.  Rehabilitation  was  necessary  to  maintain  the  area's  value  as  a  recrea- 
tion site. 

tices  of  the  agency  do  not  seem  to  recognize 
the  implications  of  this  strong  condition  in  its 

legislative  mandate.  The  site  productivity  con- 
strEiint  similarly  applies  to  the  total  produc- 

tivity of  the  forest,  and  not  just  to  the  pro- 
ductivity of  a  site  in  relation  to  timber  pro- 

duction. 

Both  constraints  can  be  viewed  in  yet 
another  light.  Economists  have  for  some  time 

struggled  with  the  problem  of  income  distri- 
bution and  time  preference.  When  one  genera- 

tion consumes  the  natural  resources  base  in 

the  present  time  period  in  order  to  generate 

economic  growth  it  is  performing  two  sepa- 

rate  distribution  functions.  On  the  one  hand, 

it  is  making  possible  higher  levels  of  consump- 
tion of  the  goods  that  will  be  produced  in  the 

factories  established  with  the  use  of  such  re- 
sources. This  may  be  viewed  as  a  net  benefit 

to  the  future  generations.  It  is  in  this  light 
that  the  national  debt  (to  the  extent  that  it  is 

used  to  generate  economic  growth  and  pre- 
vent unemployment)  far  from  being  a  burden 

on  the  future  is  beneficial.  On  the  other  hand, 

when  the  resources  that  are  being  used  in  the 

current  time  period  are  nonrenewable  (such  as 
virgin  timber,  or  minerals)  or  are  renewable! 

only  over  a  long  period  of  time,  there  is  a  net 
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transfer  or  capital  borrowing  by  the  present 
generations.  Principles  of  sustained  yield,  site 

productivity,  and  conservation  generally  ex- 
press a  natural  resource  ethic  that  attempts  to 

provide  some  kind  of  parity  between  present 

and  future  generations.  Furthermore,  by  pre- 
cluding certain  actions  today,  such  an  ethic 

leaves  open  the  range  of  options  in  the  future. 
Open  alternatives  may  be  viewed  as  good  in 

and  of  themselves  —  they  insure  that  "no  one 
generation  becomes  unduly  burdened  because 

of  the  mistakes  or  foolishness  of  their  prede- 
cessors. 

The  Budget  Constraint 

Constraint  3,  budget  restrictions,  repre- 
sents the  administrative  aspect  of  costs  in  the 

Forest  Service.  Obviously,  in  the  evaluation  of 
dternative  projects  aimed  at  realizing  one  or 
nore  of  the  values  of  the  FOREST,  costs 

nust  be  weighed  against  benefits.  Although 

;ocial  welfare  may  be  best  achieved  by  carry- 
ng  out  all  projects  where  the  aggregate  social 

K'liefits  outweigh  the  aggregate  social  costs 
both  discounted  to  the  present,  assuming  the 

•elevant  rate  of  discount  can  be  determined), 
itgency  budgets  are  not  established  in  that 

nanner.  Arthur  Smithies  (1971,  p.  140)  de- 
cribes  the  budgeting  process  in  the  govern- 
nent  sector  as  follows: 

Where  a  goal  is  definitely  fixed,  the  problem 
then  become.s  one  of  cost  minimization.  In 

many,  if  not  most,  practical  situations,  the 
problem  poses  itself  the  other  way  around. 
Given  the  need  for  action  in  an  area,  the  deci- 

sionmakers ask  themselves  how  given  sums  can 

most  effectively  be  spent.  By  considering  alter- 
native ways  of  spending  varying  sums,  they  can 

arrive  at  a  series  of  optimal  budgets.  Hence,  the 

term  "cost-effectiveness."  The  actual  size  of  the 

agency's  budget  will  depend  on  competition 
with  other  agencies  and  with  the  taxpayer. 
There  is  an  essential  difference  between  mini- 

mizing the  cost  of  attaining  a  given  objective 

and  maximizing  the  results  of  a  given  expendi- 
ture. In  the  latter  case,  objectives  or  preferences 

^'  See  Green  (1971,  p.  2).  The  sustained  yield  con- 
traint  could  properly  be  expressed  in  terms  of  pres- 

et value  of  the  separate  resources.  The  discount  rate 
elected  may,  under  certain  circumstances,  indicate 

le  degree  to  which  the  public  holds  onto  a  con- 
?rvation  ethic.  Assuming  no  other  considerations 
bmplicated  the  choice  of  discount  rate,  the  greater 
le  rate  the  less  strong  would  be  the  conservation 

dentation,  because  returns  coming  at  some  distant 
me  would  be  given  less  value. 

are  not  necessarily  fixed.  The  process  involves 

the  discovery  oi-  revision  of  the  preference  fiuu-- 
tion  itself. 

The  actual  budgeting  process  as  it  api)lies 

to  the  Forest  Sei-vice  will  be  discussed  in  a 
later  section.  It  is  evident,  however,  that  those 

programs  (and  projects)  must  be  cho.sen 

which  yield  the  greatest  net  progi-ess  toward 
the  specified  goal,  while  staying  within  the 

fiscal-yeai"  budget  allocation.  The  agency  can 
spend  all  of  its  money,  no  more.  (We  can  as- 

sume that  it  will  not  spend  less,  although  the 

optimal  solution  could  conceival:)ly  come  at  a 
lower  level  of  expenditure.) 

The  Forest  Service  is  further  constrained  in 

its  program  implementation  by  the  break- 
down of  the  congressional  appropriation  into 

specific  allotments  of  funds  among  the  vari- 
ous resource  activities  and  fimctions,  includ- 
ing timber  resource  management,  recreation- 

public  use,  wildlife  habitat  management, 
range  resource  management,  soil  and  water 
management,  and  others.  This  is  reflected  in 
the  model,  which  shows  the  total  budget  as 

the  sum  of  its  component  parts  (F|^  +  Oj^  + 

R,^  +  Ej^  +  S,-,  +  T|^).  Becau.se  it  is  limited  to 
National  Forest  administration,  the  model 

does  not  purport  to  include  all  of  the  line 

items  in  the  Forest  Sei-vice  appropriation 
schedule. 

The  actual  level  of  expenditures  (F^^,  etc.)  is 
shown  as  opposed  to  the  initial  amount  budg- 

eted or  allotted  to  that  function  (V\y  etc.) 

The  agency  is  given  a  limited  amount  of  dis- 
cretion in  the  budget  allotment  procedure  in 

that  it  may  shift  up  to  7  percent  into  or  out 
of  any  given  line  item,  but  it  is  not  obligated 
to  do  so.  All  of  this  is  indicated  in  the  model. 

The  limitation  applies  separately  to  each  of 
the  terms,  but  cannot  nullify  the  constraint 
that  the  total  expenditures  must  be  no  greater 
than  the  total  amount  originally  budgeted. 

An  exception  to  the  total  limitation  is  spe- 
cial funding  as  contained  in  sundry  civil  ap- 

propriation bills.  In  addition  to  the  congres- 
sional line  appropriations,  the  agency  has  ac- 

cess to  other  sources  of  funds,  such  as  the 

Knutson— Vandenberg  monies  and  the  separate 
Timber  Survey  appropriation  under  the 

McSweeney-McNary  Act.  These  outside  funds 
are  generally  very  closely  restricted  to  specific 



uses,  and  are  to  be  viewed  as  included  in  the 
total  budget  term,  which  therefore  will  be 
greater  than  the  congressional  appropriation. 

A  more  refined  budget  statement  would  be  re- 
quired in  the  practical  implementation  of  the 

model. 

Weighting 
The  weighting  coefficients  (f,  o,  r,  e,  s,  t) 

in  the  model,  as  discussed  earlier,  recognize 
that  different  resources  may  be  viewed  by  the 
society  as  more  important  than  others.  The 
review  of  legislation  indicated  that  although 

much  effort  has  been  expended  by  vested- 
interested  groups  and  by  the  Forest  Service  it- 

self to  specify  what  these  weights  ought  to  be, 

no  such  priorities  have  in  fact  been  estab- 
lished by  law.  If  the  interpretation  that  equal 

priorities  are  set  on  each  of  the  resources  is 
implemented,  the  weights  may  be  dropped 
out,  and  the  goal  becomes  one  of  maximizing 
the  sum  of  the  values  determined  for  each  of 

the  resources.  This  would  be  indicated  by 

changing  the  goal  to  read:  Maximize  (F  + 

0*+  R*+E*+  S*+T*). 
The  model  calls  for  the  separate  identifica- 

tion of  (l)the  value  of  the  resources,  and 

(2)  their  weights.  A  gray  area  here  is  created 

by  the  apparent  lack,  which  has  been  men- 
tioned earlier,  of  any  readily  devisable  index 

or  numeraire  on  which  to  establish  the  values 

independent  of  the  weights.  Any  index  or 

equivalency  table  will  undoubtedly  blur  the 
required  distinction,  as  evident  from  a  simple 

example.  Having  measured  the  achievable  out- 
put level  of  S  (soil  and  watershed)  and  the 

achievable  output  level  of  R  (range)  for  a  giv- 
en program  level,  the  problem  is  to  determine 

a  trade-off  schedule,  to  the  effect  that  addi- 
tional units  of  grazing  can  be  obtained  if  the 

resulting  deterioration  of  the  watershed  is  al- 
lowed. The  relationship  between  the  two  re- 

sources can  be  specified  as  an  interaction 

function:  a  gain  of  x  units  of  R  can  be  real- 
ized only  with  a  loss  of  y  units  of  S.  But,  does 

the  gain  in  R  represent  an  increase  in  value 
sufficient  to  offset  the  value  lost  in  S?  If  a 

pure  numeraire  existed,  this  question  could  be 
answered  unequivocally.  As  it  is,  such  a 

trade-off  must  be  in  part  decided  on  the  basis 

of  value  and  in  part  on  the  basis  of  the  deci- 
sionmaker's own  view  of  the  relative  value  of 

two  resources  —  that  is,  his  priority  system. ^^ 
The  model  calls  for  the  separation  of  the  two 
concepts. 

It  must  be  recognized  that  the  decision- 
maker will  always  be  working  in  an  environ- 

ment of  uncertainty.  The  model  cannot  make 

decisions  —  that  is  the  role  of  the  land  man- 
ager. What  the  model  can  do  is  spell  out  the 

systematic  analysis  and  logic  upon  which  a  de- 
cision and  its  underlying  assumptions  are 

based.  It  can  keep  out  in  front  of  the  policy- 
maker the  goal  he  is  seeking  to  achieve.  Just 

as  importantly  it  can  be  used  to  spell  out  the 

consequences  of  alternative  actions  by  show- 
ing the  effects  of  such  decisions.  It  extends 

his  ability  to  understand  the  implications  of 

any  given  action.  Most  important  it  can  pre- 
vent him  from  taking  an  irreversible  step  to 

solve  a  small  problem,  without  considering  a 

much  larger  one  —  that  is,  getting  out  on  a 
limb  only  to  find  that  in  the  meantime  his 
own  actions  resulted  in  the  severance  of  the 

limb  from  the  tree.^^ 
Management  direction  must  be  all  of  a 

piece.  The  policy  of  functionalism  fulfills  spe- 
cific stipulated  requirements  of  separate  legis- 

lative acts  in  a  distinct  and  separate  manner. 
The  FOREST  model  emphasizes  that  each 
such  legislative  direction  is  only  a  thread  in 
the  total  fabric,  which  is  the  goal  itself,  to 
which  all  actions  should  be  addressed. 

We  turn  now  to  a  discussion  of  the  prob- 
lems and  prospects  of  implementing  goal- 

oriented  decision  management  systems  in  the 

agency.  Our  question  is,  What  incongruities 

exist  that  prevent  the  agency  from  fully  meet- 
ing its  obligations  as  described  by  the  FOR 

EST  mandate? 

I 

i\ 
"  See  Major  (1969),  p.  1178.  He  claims  that  in  the 

area  of  water  resources  planning,  at  least,  a  reason- 
able approximation  or  estimate  of  the  appropriate 

weights  is  possible. 

63, 

'See  Forrester  (1971).  For  an  economist's  per- 
spective on  why  "small"  decisions  taken  only  in  the 

context  of  the  particular  situation  may  well  prove 
undesirable,  see  Kahn,  The  tyranny  of  small  deci- sions (1966). 
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PKIOKITIES 
IM  PKACTICE 

In  considering  the  weight  setting  that  takes 
place  in  Forest  Service  practice,  we  will  be 
concerned  with  the  indications  of  priorities, 
both  stated  and  implicit.  Like  the  legislation 
that  has  been  reviewed,  management  practice 
in  the  Forest  Service  has  taken  an  evolution- 

ary course. 

In  the  formative  years  of  Forest  Service  ad- 
ministration, the  significant  task  was  protec- 

tion. Very  often  the  forester  was  working  in 
isolation,  separated  by  time  and  distance  from 
ijthe  forces  at  work  in  other  segments  of  the 
economy.  People  still  in  the  Service  recall,  in 

ithe  early  years  of  their  careers  as  assistants  to 
District  Rangers,  going  out  during  the  early 
spring  with  little  more  than  an  ax,  a  string  of 
mules,  a  saw,  a  horse,  and  a  rifle  (fig.  11). 
They  might  spend  the  entire  summer  away 
Tom  the  district  office,  and  return  in  the  late 

Jail,  if  they  were  fortunate,  ahead  of  that  first 

big  snowfall  that  had  kept  others  like  them- 

selves stranded  for  the  winter.  Two-  and 
ihree-week  excursions  were  often  undertaken 

vith  only  a  verbal  order  to  "check  things  out 

p  the  northwest  corner." 
'!  Management  direction  was  minimal.  Fire 
letection  and  suppression,  and  prevention  of 
imber  trespass,  were  the  key  elements  of  the 

anger's  job.  The  change  from  resource  pro- 
ection  to  resource  management  was  a  slow, 

ivolutionary  process  reflecting  the  changes  in 
he  economic  complex  of  which  the  forests 
/ere  a  part.  Demand  for  forest  products  rose 
s  industry  expanded. 

j  Similarly,  demand  for  the  recreational  op- 

portunities offered  by  the  forested  land  rose 
apidly  as  the  population  grew,  migrated,  and 
^ached  a  level  of  affluence  that  allowed  for 

more  leisure  time.  All  these  changes  were  ac- 
companied by  a  shrinking  of  the  resource  base 

in  relation  to  the  growing  pressures  for  utiliza- 
tion, and  for  the  first  time  America  was  faced 

with  a  scarcity  of  land,  timber,  and  water. 

Economists  could  no  longer  speak  of  "free 
air"  and  "free  water,"  and  were  forced  to 
change  the  direction  of  their  analysis.  More 

and  more  during  the  late  1940's  and  early  fif- 
ties, concern  over  land  management  was  evi- 
dent in  the  literature. 

The  shift  toward  intensive  management  of 
the  National  Forests  had  begun  quite  early, 

with  emphasis  on  aiding  private  and  State  for- 
esters to  improve  their  technical  awareness 

and  competence.  Not  surprisingly,  such  ef- 
forts were  first  made  in  the  direction  of  forest 

products,  particularly  timber,  forage,  and 

water.  As  the  review  of  early  legislation  indi- 
cates, the  major  emphasis  was  on  timber  man- 

agement. This  meant  that  patterns  (;f  organi- 
zational structure  were  established  in  the  For- 

est Service  and  became  firmly  fixed.  Time  was 
essential  to  effect  the  necessary  transition  to 
broadly  based  land  management.  Although 
there  has  been  a  massive  effort  l)y  the  entire 

agency  to  adjust  to  the  changing  n'soin^ce 
needs  of  the  nation,  it  has  not  been  fully  ef- 

fective. Patterns  of  functional  thinking  still 

exist.  In-service  studies  have  pointed  out  the 
immense  distance  yet  tf)  lie  traveled.  Reward 

systems  ba.sed  on  such  functional  achieve- 
ments as  effectiveness  in  tinil)er  sale  opera- 

tions are  being  modified.  As  time  passes,  tiie 

multiple  use  approach  called  h)V  in  the  legisla- 
tion may  become  an  actual  fact.  What  we 

need  to  do  now  is  to  examine  where  we  ar" 
on  the  road  to  that  gcjal. 



Figure  11.  —  A  pack  train  such  as  this  one  setting  out  on  Clear  Creek,  Boise  National  Forest, 
was  a  familiar  sight  in  the  early  days  of  the  Forest  Service. 

AcM^oiiiplishnionts  of 

thc^  Multiple  Use  - 
SiistaiiK^d  Yield  Act 

A  review  of  the  past  decade  shows  that  the 

MU-SY  Act,  in  spite  of  its  failure  to  spell  out 
its  intentions  in  clear  terms,  has  provided  the 
needed  element  of  time.  In  any  institution 
that  is  to  survive  in  a  dynamic  society,  change 
must  be  orderly  and  purposeful  rather  than 
merely  convulsive.  The  very  vagueness  of  the 

MU-SY  Act  made  possible  new  directions.  In 
the  period  up  to  the  passage  of  the  act,  too 

little  effort  was  made  by  functionally  ori- 
ented decisionmakers  to  consider  other  re- 
source activities  related  to  their  own.  This  led 

to  internal  differences  on  policy  and  continu- 
ing   struggles    between    individual    adminis- 

trators. The  MU-SY  Act,  obliging  the  various 
functional  units  to  work  in  conjunction  with 

one  another,  gave  legal  backing  to  existing 
pressure  to  view  the  FOREST  as  an  ecological 

entity,  to  be  managed  on  that  basis.  This  pres- 
sure had  been  building  for  some  time.  Long 

before  passage  of  the  act,  the  concept  of  mul- 
tiple use  served  as  a  buffer  between  both  in- 

ternal and  external  factions.  No  longer  could 
the  FOREST  be  viewed  solely  in  terms  of  its 

"commodity"  elements  (Martin  1969). 
Harmonious  and  coordinated  use  of  the  re- 

sources was  not  an  immediate  accomplish- 
ment. Such  a  result  could  hardly  have  been 

achieved  merely  by  the  passage  of  a  bill,  al- 
though current  criticism  of  Forest  Service 

management  suggests  that  such  was  the  expec- 
tation. The  bill  did  help  to  develop  an  admin- 

istrative strategy  that  would  allow  the  conflict 
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of  internal  forces  to  take  place  within  a  limi- 
ted arena.  These  forces,  generated  by  the 

functional  orientation  within  the  Service, 

could  thus  be  integrated  and  directed  toward 
the  pursuit  of  the  common  management  goal. 
The  attempt  in  this  study  to  describe  the  goal 

of  the  agency  in  the  FOREST  model  may  re- 
sult in  discussions  that  will  work  toward  in- 

tegration. 

There  is  reason  to  believe  that  the  MU-SY 

Act  has  had  sunilar  importance  with  respect 
to  external  forces  affecting  the  Forest  Service. 
If  external  pressures  are  focused  on  a  stated 

policy,  the  resulting  criticism  can  be  construc- 
tive. In  spite  of  its  failure  to  spell  out  a  pro- 
gram for  multiple  use,  the  act  served  an  essen- 

tial purpose.  Conflicts  among  various  user 
groups  have  become  acute  during  the  past  two 
decades.  These  conflicts  are  especially  sharp 
between  timber  interests  on  the  one  hand, 

and  the  recreationists  and  preservationists  on 
the  other.  The  multiple  use  doctrine  provided 

the  forest  managers  with  a  much-needed 
weapon  to  ward  off  single-interest  onslaughts 
on  the  public  forests.  Here,  again,  time  was  an 
essential  requirement.  It  was  hoped  that  the 

environmental,  biological,  and  ecological  sub- 
systems could  be  better  understood  and  that 

management  techniques  could  be  established 
to  allow  a  closer  approach  to  full  compliance 

with  the  original  intent  of  the  legislation.  Al- 
though loud  protests  were  heard  from  forest 

users  of  various  persuasions,  the  multiple  use 
doctrine  allowed  the  foresters  to  fend  off  nu- 

merous attempts  to  overcut  timber  stands, 
over  restrict  forest  areas  as  wilderness,  or 
otherwise  unwisely  use  the  public  resource 

base.  If  for  no  other  reason,  the  Multiple  Use- 
Sustained  Yield  Act  has  more  than  proved  it- 

self an  important  piece  of  legislation. 

j  Although  the  bill  may  not  have  lived  up  to 

the  expectations  of  many  people  as  a  clarifica- 
tion of  key  issues,  it  did  provide  the  Forest 

^ervice  with  precious  time  to  begin  moving  in 

^  new  direction  in  the  evaluation  of  forest 
nanagement  procedures.  That  this  new  direc- 

tion is  bemg  taken  is  indicated  in  the  articles 

:3resently  appearing  in  the  professional  jour- 
lals.  Much  is  still  to  be  done  to  translate  the 

egislative  mandate  into  a  guide  for  decision- 
naking,  but  the  corner  is  being  turned. 

Weight  Setting  IiiiplhJt  in 
Mana^CMiicMit  Pra<:tir,<? 

The  weighting  of  the  various  resources,  as 

we  have  seen,  is  the  basic  element  in  decision- 
making. In  the  absence  of  any  congressionally 

established  weights  or  priorities,  the  Forest 

Service  is  left  to  establish  its  own.  One  possi- 
ble course  is  to  specify  that  et)ual  weights  be 

attached  to  each  of  the  resources;  then  the 

FOREST  model  becomes  a  special  case.  Al- 
though the  claim  is  sometimes  made  that  all 

resources  have  equal  priority,  this  is  not  gen- 
erally true  in  Forest  Service  practice.  Instead, 

priorities  often  enter,  as  it  were,  through  the 
back  door,  so  that  weights  are  established  by 
default,  without  a  clear  awareness  by  persons 

within  the  agency  that  such  weight-setting  is 

going  on. 

Research  and  Inventory  Techniques 

The  legislation  requires  that  each  of  the 

various  resources  be  given  "consideration"  in 

any  decision  or  action.  If,  however,  the  F'orest 
Service  desires  to  give  equal  priorities  to  the 
various  resources,  then  special  care  must  be 
taken  to  see  that  each  is  considered  to  an 

equal  degree.  To  give  actual  equality  to  the 

various  resources,  similar  effort  must  be  ex- 
pended to  secure  data  and  organize  them  to 

produce  the  relevant  information. 

If  one  resource  is  emphasized  in  inventory 
work  or  research  at  the  expense  of  others, 
then  decisionmaking  is  already  influenced  by 

an  unequal  weighting  of  the  resources.  That 
is,  in  the  language  of  the  FOREST  model,  we 

have  unequal  specification  of  the  value(*)  of 
the  various  resources.  Only  if  the  required  in- 

formation is  available  for  each  of  the  re- 

sources can  an  unambiguously  optimal  deci- 
sion be  made.  Obviously,  the  state  of  knowl- 

edge within  the  Forest  Service  does  not  cur- 
rently meet  such  a  standard.  Spokesmen  for 

the  agency  may  staunchly  maintain  that  tim 
ber  is  not  given  a  higher  priority  than  the 

other  forest  resources,  but  their  claims  will  re- 

main unconvincing  until  equally  well- 
developed  information  is  available  and  uti- 

lized for  the  other  resources.  This  point  was 
made  clear  in  Forest  Management  in  Wyoming 



(USD A    Forest   Service    1971,   p.    69).   The 
study  team  reports: 

Resource  inventories  were  lacking  on  all  four 
Forests  when  extensive  logging  was  begun.  At 
that  time,  the  best  information  was  the  Timber 
Resource  Inventory,  but  because  equivalent 
data  were  not  available  about  other  resources 

the  Timber  Resource  Inventory  was  easily  mis- 
interpreted. Although  it  provided  the  factual 

base  for  calculating  the  allowable  cut,  in  the 
absence  of  data  about  other  important  values 
the  calculations  did  not  fully  take  into  account 
the  needs  of  wildlife  and  fisheries,  recreation, 
and  scenic  quality. 

There  is  no  intent  to  imply  that  timber  is 
alone  in  being  given  special  consideration  by 

virtue  of  its  more  refined  data  base.  The  op- 
posite may  be  true.  Within  the  agency  there 

has  often  been  a  tendency  to  suggest  that  a 

project  is  desirable  because  of  its  "unquantifi- 
able"  or  "unknown"  benefits,  as  indicated  by 
unreliable  or  incomplete  data.  Supporters  of 
wilderness  area  classification  are  especially 
prone  to  this  practice.  The  justification  of  one 
resource  by  reference  to  benefits  to  another 
may  be  simileirly  based  on  unreliable  data,  as 
when  Service  personnel  suggest  that  a  certain 

timber  cutting  practice  or  timber  sale  will  "do 
wonders"  for  the  wildlife  habitat.  Perhaps  it 
may,  but  perhaps  is  not  enough. 

Knowledge  and  information  are  not  "free" 
goods.  Research  and  data  gathering  bears  a 

cost,  both  in  money  and  in  the  man-hours  and 
other  resources  utilized  in  the  research  effort. 

There  is  no  suggestion  here  that  a  dollar  spent 
in  one  type  of  research  is  equal  in  results  to  a 
dollar  spent  on  some  other  type  of  research. 
But  the  present  allocation  of  research  funds, 

stressing  as  it  does  the  gathering  of  informa- 
tion on  timber,  does  not  appear  on  the  sur- 
face to  be  in  compliance  with  the  intent  of 

the  legislation.  This  in  turn  reflects  the  con- 
gressional budget  appropriations  and  cannot 

be  divorced  from  a  public  priority-setting 
mechanism.  Although  the  enabling  legislation 

does  not  set  research  priorities,  funding  legis- 
lation does,  as  a  later  discussion  will  show. 

Lack  of  data  is  not  always  the  problem,  as 

anyone  who  has  attended  agency  meetings 

knows.  "We  have  so  much  data  we  simply 
don't  know  what  to  do  with  it,"  was  a  com- 

ment made  at  one  meeting  attended  during 
this  study.  Such  a  statement  can  only  mean 

that  too  little  thought  has  been  given  to  the 

purposes  behind  the  collection  of  certain 
types  of  data.  The  evidence  suggests  that 
some  data  collection  activities  have  become 
burdens  rather  than  benefits. 

It  is  possible  to  identify  implicit  priorities, 

therefore,  with  reference  not  only  to  the  par- 
ticular resources  being  studied,  but  also  to  the 

techniques  employed  in  getting  at  the  infor- 
mation gathered.  The  Forest  Survey  Manual 

supplies  very  specific  direction  on  how  to 
measure  tree  and  stand  volumes.  What  it  fails 

to  do,  however,  is  to  place  the  timber  inven- 
tory in  any  reasonable  ecological  setting.  A  re- 

cent study  emphasizes  "the  need  for  resource 
inventory  work  that  will  describe  and  update 
timber  and  other  resources  in  relation  to  the 

land,  land-use  status,  and  other  factors  that 
affect  forest  development  and  use.  Timber 
and  other  resource  inventories  must  be  coor- 

dinated and  related  to  land  characteristics  and 

other  current  factors  that  are  significant  in 

multiple  use  management  .  .  ."  (Wikstrom  and 
Hutchison  1971,  p.  ii). 

Any  timber  inventory  must  provide  the 
necessary  data  to  allow  determination,  for 
example,  of  whether  the  stand  is  on  a  stable 
land  base,  or  whether  it  is  part  of  a  migration 

route  for  elk  or  deer.  Is  it  an  important  nest- 
ing area  for  bird  or  game  populations?  What  is 

its  future  value  as  a  recreation  site?  In  other 

words,  how  does  it  fit  into  the  social  and  eco- 

logical systems?  What  is  its  functional  rela- 
tionship to  the  other  resources  of  the  FOR- 

EST? Only  when  this  question  is  answered 
can  it  be  said  that  all  resources  are  given  equal 
consideration. 

1 
Subjective  Decisionmaking 

The  need  for  coordinated  resource  inven- 

tories points  up  the  fact  that  the  alternatives 

open  to  the  land  manager  have  complex  rami- 
fications. These  complexities,  apparently, 

have  led  to  a  tendency  in  the  Forest  Service 
to  give  the  local  forest  administrator  broad 
discretionary  authority,  and  subjective  factors 
have  thus  entered  the  decisionmaking  process. 

It  is  possible  and  natural  that  "one  ranger 
may  be  'recreation  conscious'  and  view  each 
plot  of  land  as  a  possible  campsite.  Another 

may    be   fascinated  by  opportunities  to  ira- 



prove  wildlife  habitat.  Still  another  may  be  a 

'timber  beast'  and  view  all  other  activities  as 
distractions  from  his  main  job  of  growing 

trees"  (Hall  1963,  p.  284). 
'  In  the  absence  of  congressional  direction, 
other  than  funding,  to  establish  priorities 

among  the  various  resources,  the  local  deci- 
sionmaker has  usually  set  those  priorities. 

Prior  to  recent  changes  in  management  prac- 
tice, the  District  Ranger,  who  as  a  rule  knew 

the  special  characteristics  of  his  particular 
area  better  than  anyone  else,  was  seen  as  the 

"key  man  in  multiple  use  management." 
Guided  by  his  staff  (with  the  aid  and  direc- 

tion of  the  Forest  Supervisor  and  the  Region- 
al Director  and  their  staffs),  the  District  Rang- 
er sought  to  develop  a  multiple  use  plan  that 

jwould  give  consideration  to  all  of  the  re- 
i30urces  and  uses  of  the  forest  under  his  con- 
rol  (Hall  1963). 

Great  reliance  was  placed  on  the  sound 

udgment,  the  "savvy,"  and  the  professional 
competence  of  the  District  Ranger.  The  multi- 

ple use  concept,  as  it  was  being  practiced, 
;erved  mainly  to  emphasize  that  all  of  the 
/arious  possible  conflicts  and  alternatives 
should  be  considered  by  the  decisionmaker 

"aced  with  complex  situations.  There  was  no 
jhiarantee,  however,  that  the  various  priorities 

mplicit  in  a  particular  situation  would  be  rec- 
ognized as  such. 

Partly  as  a  result  of  recent  studies,  prompt- 
d  by  public  criticism  of  management  prac- 
ices  on  certain  National  Forests,  broad 
hanges  are  being  made.  Some  studies  have 
Pointed  out  a  lack  of  direction  that  leads  to 

pority  setting  in  a  narrow  framework  unre- 
lated to  an  overriding  goal.  The  findings  of 

16  Task  Force  investigating  management  pri- 
orities on  the  Bitterroot  National  Forest  are 

If  special  intere.st: 

Multiple  use  planning  on  the  Bitterroot  Nation- 
al Forest  has  not  advanced  far  enough  to  pro- 

vide the  firm  management  direction  nece.ssary 
to  insure  quality  land  management  and,  at  the 
same  time,  to  provide  all  segments  of  the  public 
with  a  clear  picture  of  long-range  objectives. 

Multiple  use  planning  is  not  an  instant  process. 
Good  plans  are  evolved  over  time  and  must  be 
viewed  as  dynamic  working  tools  that  must  be 
improved  constantly  as  needs  and  circum- 

stances change.  The  principal  single  fault  this 
Task  Force  finds  ...  is  that  multiple  use  plan- 

ning is  not  far  enough  advanced.  Many  of  the 
questions  that  have  neen  raised  by  the  public 
may  be  boiled  down  into  one  simple  overall 
question:  How  does  the  National  Ftsrest  plan  to 
fit  everything  together  so  the  various  resource 
needs  can  be  met  without  impairing  other  uses 

and  values?  The  "how"  has  yet  to  bt'  adequate- 
ly demonstrated  in  multiple  use  plans.  Effective 

land  management  requires  precise  mapping  and 
specific  management  prescriptions  for  land 
units  within  which  the  management  objectives, 
or  the  planned  mix  of  uses,  are  reasonably  ho- 

mogeneous. It  requires  in  some  cases  that  oper- 
ational restrictions  be  placed  on  resource  uses 

and  activities  to  prevent  damage  to  other  re- 
sources. All  of  this  must  be  done  in  such  a  man- 

ner that  all  segments  of  the  public  can  contrib- 
ute to  the  development  of  objectives.  Once 

the  objectives  are  nailed  down,  there  can  be 
complete  continuity  and  consistency  of  action 
on  the  part  of  the  administrators  and  under- 

standing on  the  part  of  the  public. 

The  multiple  use  plans  on  the  Bitterroot  Na- 
tional Forest  do  indicate  a  tone  or  direction 

for  management;  if  this  tone  could  be 
transmitted  to  the  day-to-day  activities,  the 
quality  of  management  on  the  ground  would  be 
improved  greatly.  However,  the  plans  contain 
too  few  specific  coordinating  decisions.  Because 
the  organization  is  spread  so  thin,  some  impor- 

tant and  long-term  land  management  decisions 
have  been  made  by  some  of  the  least  experi- 

enced personnel,  without  the  important  overall 
controls  a  complete  multiple  use  plan  provides, 
and  without  adequate  supervisory  guidance.  In 
instances,  the  results  have  been  disappointing. 
(USDA  Forest  Service  1970,  p.  10,  11;  em- 

phasis added.) 

The  "simple  overall  question"  put  forth  in 
the  second  paragraph  comes  very  close  to  im- 

plying the  FOREST  goal.  A  directive  from  the 
Regional  Forester  in  1971  called  upon  the 
Forest  Supervisor  of  the  Bitterroot  National 
Forest  to  drastically  alter  his  management 
plans  to  reflect  the  findings  of  the  Task 
Force. 

A  strong  element  in  criticism  of  subjective 

decisionmaking  has  been  the  charge  that  pro- 

duction goals  hold  priority  over  quality  of  en- 
vironment. Some  of  the  problems  pointed  out 

in  recent  studies  of  forest  management  may  in 
fact  be  attributable  to  such  an  attitude.  In 

some  of  the  Wyoming  Forests,  for  example, 
when  areas  that  had  been  included  in  earlier 
allowable  cut  calculations  were  later  found  to 

be  unloggable,  there  was  no  attempt  to  rectify 

the  miscalculations.  Rather,  the  "cut  was  con- 

centrated in  the  area  that  could  be  logged" 
(USDA  Forest  Service  1971,  p.  8).  In  another 
instance,  however,  a  study  team  called  for  just 



such  practices  by  stating  that  if  after  various 
maneuvers  to  increase  the  value  of  a  sale  to 

the  purchaser  "the  sale  still  will  not  produce  a 
normal  profit  margin,  it  should  be  considered 

a  submarginal  block  of  timber  and  not  of- 

fered for  sale."  If  the  recommendation  had 
stopped  there,  no  one  could  quarrel  with  it. 

But  it  went  on  to  say  that  then,  "The  allow- 
able cut  should  be  achieved  by  preparing 

some  other  block  for  sale"  (Worrell  1963,  p. 
64).  That  submarginal  block  of  land  should 
never  have  entered  into  the  calculation  of  al- 

lowable cut  in  the  first  place,  and  cutting  tim- 
ber elsewhere  simply  is  not  justified.  The  kind 

of  coordinated  inventory  referred  to  earlier  is 

a  part  of  the  solution  to  this  problem.  There 
is  strong  evidence,  however,  that  priorities  are 
being  set  as  a  result  of  undefined  but  also 
unmistakable  pressures  on  the  decisionmaker. 
The  comments  of  the  Bitterroot  National  For- 

est Task  Force  are  relevant  here: 

There  is  an  implicit  attitude  among  many 
people  on  the  staff  of  the  Bitterroot  National 
Forest  that  resource  production  goals  come 
first  and  that  land  management  considerations 
take  second  place.  The  desire  to  keep  the  land 
productive  has  always  been  an  implicit  ob- 

jective in  Forest  Service  management.  Anyone 
who  says  otherwise  has  a  faulty  sense  of 
history.  .  .The  emphasis  on  resource  production 
goals  is  not  unique  to  the  Bitterroot  National 
Forest  and  does  not  originate  at  the  National 
Forest  level.  It  is  the  result  of  rather  subtle 
pressures  and  attitudes  coming  from  above. 
While  the  goals  of  management  on  the  National 
Forests  are  broad  and  sound,  the  most  insistent 
pressure  recently  has  been  to  increase  the 
timber  cut  on  these  National  Forests  in  order 
to  make  more  timber  available  to  ease  the 
shortage  of  housing  materials.  The  insistence  of 
this  pressure  is  indicated  by  the  fact  that  the 
Forest  Service  is  required,  once  a  week,  to  re- 

port accomplishments  in  meeting  planned  tim- 
ber sale  objectives  to  its  Washington  Office  in 

order  to  keep  the  Secretary  of  Agriculture, 

Congress,  and  outside  groups  informed  of  prog- 
ress in  meeting  timber  cut  commitments  (USDA 

Forest  Service  1970,  p.  9).^'' 

Considerable  effort  has  been  made  by  the 
Forest  Service  in  the  very  recent  past  to  erase 

•^  See  also  USDA  Forest  Service  1911,  passim.  For 
an  example  of  the  not  so  "subtle"  pressure  being 
exerted  on  the  agency  see  Economic  report  of  the 

President,  February  1971,  "Timber  Resources,"  p. 134. 

the  public's  impression  that  timber  produc- 
tion goals  are  foremost  in  its  scale  of  impor- 

tance. The  pervasive  force  of  such  goals  in  the 

agency  patterns  of  thought  is  still  evident, 
however.  The  Review  of  Timber  Appraisal 

Policies  (Worrell  1963),  mentioned  above, 
argues  that  the  interdependence  between  the 
Forest  Service  and  the  private  mill  operator  or 
lumber  industry  in  a  community  may  even 
call  for  selling  timber  at  economic  losses,  with 

a  "profit  deficit  allowance"  as  a  "last  resort 
means  of  maintaining  a  dependent  firm  or 

community"  (p.  34).  In  such  a  policy,  the 
place  of  sustained  yield  and  allowable  cut  cal- 

culations is  difficult  to  see.  Although  it  is 
clear  that  no  statement  in  the  legislation  spells 

out  the  purposes  of  timber  sale,  it  is  equally 

clear  that  cutting  timber  is  not  a  "functional" 
operation  of  the  agency  to  be  pursued  under 
any  and  all  conditions.  As  we  have  seen,  the 
legislation  calls  for  the  cutting  of  timber  if, 
and  when,  it  can  be  shown  that  such  action 
will  increase  the  total  realizable  value  of  the 

FOREST.  Any  evidence  in  the  legislation  that 

the  survival  of  a  local  mill  is  a  primary  con- 
sideration is  subject  to  the  broader  ecological 

direction  provided  in  the  MU-SY  Act  and  the 
NEPA. 

Forest  Service  Directives 

The  existence  of  priorities  established  with- 
out reference  to  an  overriding  goal  also  must 

be  recognized  in  Forest  Service  policy  on 
restrictive  directives.  These  have  been  kept  at 
a  minimum,  with  the  aim  of  reducing  the 

problems  that  arise  when  directives  are  so  spe- 
cific that  they  have  to  be  constantly  modified 

to  fit  special  situations.  This  policy  has  the  ef- 
fect, however,  of  making  directions  and  guide- 
lines vague  or  subject  to  wide  discretionary  in- 

terpretation. In  discussing  legal  aspects  of 

cooperative  road  agreements  between  the  For- 
est Service  and  private  owners,  Bayles  ( 1964) 

identifies  an  illustration.  He  feels  that  addi- 
tional regulations  are  needed  to  determine  the 

basis  of  cost-sharing  between  the  pcirties  to  a 

cooperative  access  road  in  the  National  For- 

est. Former  Secretary  Hardin's  regulation  con- 
cerning this  issue  provides  that  M 

When  roads  are  constructed  under  cooperative 
agreements  to  meet  mutual  needs  of  the  United 



States  and  others  for  access,  determinations  ot 
the  shares  of  costs  to  be  born  by  the  United 
States  and  the  cooperating  parties  will  include 

consideration  of;  ( 1 )  The  standard  of  road  re- 
quired for  the  planned  hauling;  (2)  the  share  of 

the  planned  use;  (3)  the  location  and  volume  of 

tributary  timber  owned  by  each  party  and  ex- 
pected to  be  hauled  over  the  road  or  roads; 

(4)  the  tributary  areas  owned  or  controlled  by 
each  party;  (5)  expected  use  by  the  public;  and 

(6)  other  appropriate  considerations. ^'^ 

Bayles  (p.  117)  argues  that  "this  provision 
does  not  provide  adequate  guidehnes  for  the 
cooperators  and  regional  foresters  to  use  in 

negotiating."  No  indication  is  given  of  the  val- 
ue to  be  assigned  public  recreation  use,  nor  of 

the  extent  to  which  the  Forest  Service  is  to 

consider  "recreation,  mining,  grazing,  water- 
shed management  and  other  uses  of  the  forest 

lands  as  'substantial  planned  uses.'  "  Bayles 
concludes  that  the  regulation  "would  seem  to 
give  negotiators  nothing  more  than  a  nebulous 
beginning  and  would  undoubtedly  result  in 

[widely  varying  solutions  rather  than  the  estab- 
lishment of  norms  which  would  aid  the  proc- 

ess of  negotiation." 
Other  instances  of  inadequate  guidelines  in 

ithe  regulations  have  been  suggested  during  the 

:ourse  of  this  study  in  conversations  with  law- 
yers. In  the  absence  of  an  overriding  goal  such 

IS   that   contained    in   the    FOREST   model, 

nany  agencies  and  departments  have  adopted 

|';he  mechanism  of  the  Code  of  Federal  Regu- 
ations  to  provide  specific  direction.  In  con- 

trast to  the  Department  of  Interior,  for  exam- 
ible,  which  has  volumes  of  regulations,  the  De- 

partment of  Agriculture  (especially  for  Forest 
Service  activities)   uses  this  mechanism  only 
arely.   The  current  volume  of  the  Code  of 

''ederal  Regulations  (1970)  defines  in  part  the 

'"'orest  Service  role  under  the  subjects  of  or- 
;anization;  functions  and  procedures;  admin- 
stration;  administration  of  the  forest  develop- 

ment transportation  system;  administration  of 

jcinds   under  Title  III  of  the  Bankhead-Jones 

'arm  Tenant  Act  by  the  Forest  Service;  tim- 
er; grazing;  wildlife;  land  uses;  trespass;  use 

f  "Smokey  Bear"  symbol;  and  land  disposal. 
These  regulations  have  the  force  and  effect 

if  law  and  are  binding  upon  the  Forest  Serv- 

e  as  well  as  upon  the  public." 

65 
36  C.F.R.  212.11(c)  (Supp.  1970). 

Surprisingly,  nothing  in  these  regulations 

directly  or  specifically  refers  to  multiple  use 
management  or  to  sustained  yield  considera- 

tions. Thus,  there  is  apparently  no  particular 
form  for  the  making  of  multiple  use  decisions 
beyond  any  contained  in  the  Forest  Service 
Manual.  There  is  definitely  no  approximation 

to  the  kind  of  directives  or  regulations  im- 

plied in  the  FOREST  model.  At  least  one  law- 
yer has  contended  that  the  Forest  Service  has 

failed  to  comply  with  the  Public  Information 
Act  and  that  in  future  litigation,  the  lack  of 
regulations  will  force  the  court  to  interpret 
the  Manual  as  filling  that  lack.  That  is.  Forest 
Service  statements  of  intention  to  perform 
certain  actions  in  the  decisionmaking  process 

become  binding  in  the  ab.sence  of  official  reg- 
ulations (personal  communication.  Dean 

Gardner). 

Piil>li<:  Iiivolv<^iii<Mit  in 
WcM^ht  Scmiii;4 

The  opinions  of  the  public,  individually 
and  in  groups,  may  affect  weight  setting  both 
directly  and  indirectly.  The  current  effort  to 
include  the  local  public  in  decisionmaking  is 
to  some  extent  the  result  of  public  criticism 
of  the  Service  for  activities  such  as  clearcut- 
ting  and  roadbuilding  in  certain  areas.  It 

seems  evident,  however,  that  the  responsibil- 
ity for  involving  the  public  is  not  as  clearly 

defined  as  present  agency  interpretation 
would  suggest. 

Conversations  with  National  Forest  admin- 
istrators (especially  Forest  Supervisors)  in  the 

course  of  this  study  indicate  that  they  believe 
public  involvement  is  important  to  agency 

public  relations.  Beyond  this  basic  agreement, 
however,  differences  of  opinion  exist.  Some 

Forest  Supervisors  showed  a  desire  to  seek  ad- 
vice from  the  public  as  to  priorities  in  the  ini- 
tial stages  of  the  investigatcjry  process,  as  in 

the  formulation  of  District  or  Forest  level 

multiple  use  plans.  Others,  how(>ver,  felt  that 
agency  expertise  should  l)e  cloininant  in  the 
policy  formulation  process,  and  the  public 
consulted  primarily  for  information.  These 
foresters  felt  that  if  the  agency  could  simply 

present  clearly  the  decisions  that  had  been 
reached,  and  provide  the  local  public  witii  the 



relevant  information  behind  that  decision, 

much  controversy  could  be  avoided.  In  their 
eyes,  the  public  is  responsive  and  receptive  to 
the  work  of  the  agency  if  it  is  made  aware  of 
the  complex  management  considerations  that 
enter  into  ciny  given  decision. 

The  public,  if  the  numerous  articles  in  the 
news  media  are  indicative,  prefers  the  former 

approach,  allowing  local  residents  actual  in- 
volvement in  decisionmaking.  Two  questions 

are  relevant  here.  First,  what,  if  any,  legal  re- 
quirements exist  with  respect  to  public  in- 
volvement? Second,  in  the  absence  of  any 

legal  requirements,  what  policy  might  the 

Forest  Service  best  adopt?^^  Answers  to  the 
second  question  will  be  explored  in  a  separate 

discussion,  but  we  can  consider  the  first  ques- 
tion here. 

Program  Formulation 

The  Forest  Service  Manual  (Sec.  1033-8) 
states  that  it  is  the  objective  of  the  agency  to 

"involve  the  public  in  forestry  policy  and  pro- 

gram formulation."  In  pursuit  of  that  objec- 
tive the  Forest  Service  will  "seek  out  and  ob- 
tain local  and  national  views  in  the  process  of 

policy  and  program  formulation."  The  agency 
strives  to  discharge  its  "responsibilities  in 
ways  that  make  our  management  processes 

visible  and  our  responsible  people  accessible." 
Further,  it  will  "consult  with  and  seek  coop- 

erative actions  with  agencies  at  all  levels  of 

Government  and  with  private  groups  and  in- 
dividuals, in  programs  for  resource  manage- 

ment and  economic  development." 
Although  the  statements  in  the  Manual 

have  not  as  yet  been  deemed  law  (as  are  the 

Secretary's  rules  and  regulations  contained  in 
the  Code  of  Federal  Regulations),  there  is 
some  feeling  within  the  legal  profession  that 
in  the  absence  of  exercise  of  the  rulemaking 
function,  they  will  take  on  the  coloring  of 
law.  In  this  light,  the  statements  just  quoted 

would  seem  to  place  the  agency  under  com- 

^^The  Forest  Service  is  currently  formulating  di- 
rectives on  public  involvement.  The  direction  sug- 

gested here  should  be  compared  with  USDA  Forest 
Service,  A  guide  to  public  involvement  in  decision- 

making, 1971. 

pulsion  to  seek  out  public  opinion  in  policy 
formulation.  The  wording  in  the  Manual  is  so 

broad,  however,  that  it  is  doubtful  that  an  in- 
dividual could  obtain  standing  in  court  on  the 

basis  of  not  having  had  access  to  the  decision- 
making function.  In  fact,  the  remaining  por- 

tions of  applicable  law  seem  to  preclude  that 

possibility. 
A  detailed  discussion  of  such  aspects  of 

rulemaking  and  policy  formulations  as  notice, 
hearings,  publications,  investigation,  and 
other  matters  is  contained  in  American  Juris- 

prudence. ^'^  It  states  that  in  general,  notice 
and  hearing  is  not  a  constitutional  re- 

quirement, although  certain  statutes  call  for 
these  in  specific  situations.  In  the  absence  of 
statutory  restrictions, 

An  agency  ...  is  no  more  required  to  give  previ- 
ous notice  of  an  intent  to  make  a  regulation  or 

to  grant  a  hearing  on  the  merits  of  the  regula- 
tion to  be  adopted  than  is  the  legislature  in  ex- 

ercising its  lawmaking  functions  .  .  .  Where  a 
rule  of  conduct  applies  to  more  than  a  few 
people,  it  is  impracticable  that  everyone  should 
have  a  direct  voice  in  its  adoption  ....  An  ad- 

ministrative agency  in  the  exercise  of  legislative 
power  is  not  limited  to  hearings  required  or 

provided  by  statute  but  may  conduct  an  inde- 
pendent investigation  and  survey  to  determine 

facts  as  a  basis  of  an  order  or  regulation  .  .  . 
An  administrative  agency  not  required  to 
grant  a  hearing  as  a  basis  of  its  regulations  may 
make  its  rules  without  regard  to  the  evidence 

heard,  and  special  findings  of  fact  are  not  neces- 
sary to  support  a  regulation  where  the  statute 

does  not  require  it  either  in  terms  or  effect. 

With  only  a  few  exceptions  there  is  not, 

from  a  strict  legal  point  of  view,  any  require- 
ment for  public  involvement  in  the  decision- 

making process  of  the  Forest  Service.  Excep- 
tions apply  to  such  matters  as  certain  aspects 

of  wilderness  establishment,  actions  and  ap- 
peals under  certain  acts,  and  particular  plans 

affecting  Indian  lands  or  range  allotments. 

Beyond  these  provisions,  two  additional 
points  must  be  considered.  First,  the  National 

Environmental  Policy  Act  has  been  supple- 
mented by  Executive  Order  11514,  which  in 

Section  2,  Responsibilities  of  Federal  Agen- 
cies, stipulates  that  agencies  shall: 

^''2d  ed.,  V.  2,  Administrative  Law,  Sec.  276-283. 
San  Francisco,  Bancroft-Whitney  Company,  1962. 
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(b)  Develop  procedures  to  ensure  the 
fullest  practicable  provision  of  timely 
public  information  and  understanding  of 

Federal  plans  and  programs  with  envi- 
ronmental impact  in  order  to  obtain  the 

views  of  interested  parties.  These  proce- 
dures shall  include,  whenever  appropri- 

ate, provision  for  public  hearings,  and 

shall  provide  the  public  with  relevant  in- 
formation, including  information  on  al- 

ternative courses  of  action.  Federal  agen- 
cies shall  also  encourage  State  and  local 

agencies  to  adopt  similar  procedures  for 
informing  the  public  concerning  their 

activities  affecting  the  quality  of  the  en- 
vironment. 

(c)  Insure  that  information  regarding 

existing  or  potential  environmental  prob- 
lems and  control  methods  developed  as 

part  of  research,  development,  demon- 
stration, test,  or  evaluation  activities  is 

made  available  to  Federal  agencies. 

States,  counties,  municipalities,  institu- 
tions, and  other  entities,  as  appropriate. 

(e)  Engage  in  exchange  of  data  and  re- 
search results,  and  cooperate  with  agen- 

cies or  other  governments  to  foster  the 
purposes  of  the  Act. 

(f)  Proceed,  in  coordination  with  other 

agencies,  with  actions  required  by  sec- 
tion 102  of  the  Act. 

In  reporting  on  his  interpretation  of  these 

provisions.    Dean    A.    Gardner,    Attorney    in 
|harge.    Office    of    the    General    Counsel 
b.S.D.A.,  Ogden,  Utah),  stated  that  he  felt 

inat   the   "degree   of   public   involvement  in 
caching  a  decision  is  more  a  matter  of  com- 

l|Iying  with  the  recent  statutory  policy  and  di- 
iactives  of  the  National  Environmental  Policy 
.ct   and   the   public   information   regulations 

pan    it    is   a  question   of  judicial   considera- 

|ons."  He  further  states  his  opinion  that  it  is 
r\e    primary    responsibility    of   the    resource 
lanager,  beyond  any  specific  considerations 

f;  public  involvement,  "to  carry  out  an  ade- 
luate  investigation  .  .  .  and  that  the  manage- 
ent  decisions  should  be  based  upon  a  dem- 
istrable  record  of  reviewing  the  alternatives 

and  an  alternative  which  is  supported  by  sub- 

stantial evidence."^** The  second  point  to  be  considered  is  the 
application  of  a  policy  statement  by  Secretary 

of  Agriculture  Hardin  (July  24,  1971).  in  im- 
plementation of  the  Administrative  Proce- 

dures Act  and  the  recommendation  of  the  Ad- 
ministrative Conference.  The  statement  calls 

for  public  participation  in  rulemaking  relating 
to   public  property,  with  certain  exceptions: 

The  exemptions  permitted  from  .such  require- 
ments where  an  agency  finds  for  good  cause 

that  comphance  would  be  impracticable,  un- 
necessary or  contrary  to  the  public  interest  will 

be  used  .sparingly,  that  is,  only  when  there  is  a 
substantial  basis  therefor.  Where  such  a  finding 
is  made,  the  finding  and  a  statement  of  the  rea- 

sons therefor  will  be  published  with  the  rule.''*' 

The  definition  of  the  term  "rulemaking" 
for  the  purposes  of  the  act  is  given  to  mean 

"agency  process  for  formulating,  amending, 

or  repealing  a  rule."  In  turn  the  definition  of 
the  term  "rule"  is  "the  whole  or  a  part  of  an 
agency  statement  of  general  or  particular  ap- 

plicability and  future  effect  designed  to  im- 
plement, interpret,  or  prescribe  law  or  policy 

or  describing  the  organization,  procedure,  or 

practice  requirements  of  an  agency  .  .  .  ." 
If  this  definition  is  taken  at  its  face  value, 

every  alteration  in  the  Forest  Service  Manual 
would  have  to  be  subject  to  public  hearings, 
to  say  nothing  of  every  multiple  use  plan  or 
action  proposal.  For  example,  such  efforts  of 

the  Poorest  Service  as  the  newly  formulated 
and  very  forward-looking  inventory  plans 
would  have  to  be  subject  to  public  hearings, 

because  they  are  certainly  designed  to  imple- 
ment law  and  policy.  This  interpretation  may 

not  be  correct,  however.  The  Secretary  spe- 
cifically refers,  as  quoted  above,  to  the  ex- 

emptions granted  to  agencies  (contained  in 
the  act  at  5  U.S.C.  553,  section  b,  part  A),  to 
the  effect  that  the  subsection  does  not  apply 

"to  interpretative  rules,  general  statements  of 
policy,  or  rules  of  agency  organization,  proce- 

dure or  practice."  The  kinds  of  changes  that 

''*' Personal  communication,  January  12,  1972. 

""" Federal  Register,  Vol.  3H,  No.  1  i:{  (Saturday. 
July  24,  1971),  p.  13804.  Applies  to  Administrative 
Procedures  Act,  5  U.S.C.  553. 



may  be  desired  in  specific  "functional  hand- 
books and  guides"  or  the  adoption  of  the 

FOREST  model  as  a  working  management 

guide  appear  to  be  covered  by  this  exemption. 

We  have  arrived,  then,  at  a  partial  answer 

to  our  first  question,  What  are  the  legal  re- 

quirements for  public  involvement?  With  re- 
spect to  decisionmaking,  none,  beyond  the 

desire  on  the  part  of  the  agency  to  keep  the 
public  informed  as  to  its  activities,  and  with 

its  possible  exemptions,  the  Secretary's  rule 
described  above.  This  conclusion  should  not 

be  allowed,  however,  to  overshadow  the  im- 
portant function  of  public  involvement.  The 

discussion  in  a  later  section  will  indicate  how 

the  FOREST  model  suggests  the  shape  that 
a  prudent  policy  might  take. 

Appeal  from  Agency  Decisions 

The  legal  requirements  for  public  involve- 
ment in  another  area  remain  to  be  considered. 

A  major  problem  the  Forest  Service  shares 

with  some  other  Federal  agencies  is  the  cur- 

rent propensity  of  many  individuals  and  inter- 
est groups  to  seek  court  action  against  a  deci- 

sion by  a  government  agency  on  the  basis  that 
the  decision  is  not  in  the  public  interest.  In 
the  earlier  review  of  legislation,  some  of  the 

relevant  court  interpretations  have  been  dis- 
cussed. There  is  evidence  both  of  reluctance 

to  substitute  the  opinion  of  the  court  for  that 

of  the  agency,  and  of  a  desire  to  see  that  im- 
portant decisions  are  made  in  compliance 

with  the  intent  of  the  legislation. 

From  most  indications  the  Forest  Service 

is  not  exempt  from  the  provisions  of  section 
701  of  the  Administrative  Procedures  Act 

which  provides  that  the  action  of  "each 
authority  of  the  Government  of  the  United 

States"  is  subject  to  judicial  review  except 
where  there  is  a  statutory  prohibition  on  re- 

view or  where  "agency  action  is  committed  to 

agency  discretion  by  law."^° 
The  legal  question  is,  just  when  is  a  deci- 

sion by  an  agency  to  be  held  unlawful  and  set 

5  U.S.C.  701.  The  exception  is  a  narrow  one. 
See  Burger  (1965),  p.  55  ff.;  also,  U.  S.  Congr.  79,  1st 
Sess.,  Senate  Report  No.  758,  Senate  Committee  on 
the  Judiciary,  1945,  p.  26. 

aside  according  to  the  standairds  set  up  in  sec- 
tion 706  of  the  Administrative  Procedures 

Act?  Section  706  calls  for  such  action  if  deci- 
sions are  found  to  be 

a.  arbitrary,  capricious,  an  abuse  of  dis- 
cretion, or  otherwise  not  in  accordance with  law, 

b.  contrary  to  constitutional  right,  power, 

privilege,  or  immunity, 

c.  in  excess  of  statutory  jurisdiction, 
authority,  or  limitations,  or  short  of 
statutory  rights, 

d.  unsupported  by  substantial  evidence  in 
a  case  subject  to  sections  556  and  557 
of  this  title  or  otherwise  reviewed  on 

the  record  of  any  agency  hearing  pro- 
vided by  statute, 

e.  without  observance  of  procedure  re- 
quired by  law,  or  j 

f.  unwarranted  by  the  facts  to  the  extent 
that  the  facts  are  subject  to  trial  de 
novo  by  the  reviewing  court. 

The  implications  of  the  act  and  of  court  in- 
terpretation of  the  NEPA  are  fairly  clear.  As 

far  as  possible  and  within  the  limits  of  pru- 
dence, all  decisions  applicable  to  the  natural 

resources  of  the  FOREST  should  be  fully  doc- 
umented and  should  be  based  on  a  complete 

and  comprehensive  multiple  use  —  environ- 
mental impact  analysis.  The  likelihood  that 

the  contemplated  action  may  be  raised  as  an 
issue  in  the  courts  gives  this  precaution  special 
force,  but  is  difficult  to  estimate.  Adoption  of 
the  FOREST  model  and  adherence  to  the 

management  prescriptions  implied  in  it  will 
adequately  serve  the  purpose. 

The  opinion  has  been  stated  by  Rogers 

(1969,  p.  121,  122,  131)  that  the  public  can 
do  little  to  counter  actions  taken  by  the  For- 

est Service  that  are  contrary  to  what  they  feel 

is  the  public  interest  because  the  court  cannot 
define  the  legally  directed  course  of  action. 

Rogers  considers  the  "uncontrolled  discretion 
in  executive  decisionmaking"  of  the  agency  to 
be  guided  by  "statutes  vague  to  the  point  of 
license"  and  goes  on  to  say  that  "most  of  the 
statutes  themselves  are  of  such  generality  as 

to  afford  Uttle,  if  any,  standards  by  which  a 
court  could  say  that  administrative  decisions 
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have  not  followed  the  Congressional  man- 

dates." If  the  interpretation  stressed  through- 
out this  study  is  correct,  and  the  legisla- 
tion does  in  fact  provide  a  cleeir  mandate,  as 

expressed  in  the  FOREST  model,  such  con- 
cern is  misguided.  It  is  the  Forest  Service  it- 

self that  must  be  concerned  to  fulfill  its  legal 
responsibility. 

The  absence  of  legislatively  directed  prior- 
ties  has  left  the  Forest  Service  open  to  attack 

ly  individuals  and  groups  from  various  direc- 
ions.  Some  see  the  problem  as  a  failure  of  the 

egislation  —  an   "empty  mandate"  —  but  we 
lave  seen  that  the  legislation  does  provide  a 

imited  but  clear  mandate.  Some  see  the  ap- 
)arent  failures  of  management  as  explained 
)y  the  impossibility  of  attaining  the  necessary 

echnical  capability  of  measurement  of  com- 
ilex  ecological  factors.  But  with  goal-oriented 

lanagement,  the  required  "state  of  the  art" 
lay    well   be   achieved.   Again,  some  charge 
hat  every  local  land  manager  in  the  Service  is 

•ee  to  set  his  own  priorities.  This  is  true  only 
p  to  a  point,  and  is  becoming  less  and  less 

•ue  as  time  passes.  One  aspect  of  the  problem 
lat  does  not  often  figure  in  public  criticism, 
owever,  is  the  budget  problem,  discussed  in 
le  next  section.  Whatever  the  successes  or 

lilures  of  the  Forest  Service  in  determining 
leir  needs,  the  provision  for  fulfilling  those 

?eds   comes   from    congressional   appropria- 
ons. 

Wei^htin^ 

in  tli<*  Bucl^<;t  Fi<M'<5ss 
The  preceding  discussion  of  priority  setting 

i  practice  has  pointed  out  that  weights  are 

«]ten  established  in  the  budgeting  process.  In 
|e  final  analysis  the  budget  allocation  deter- 

ilines  not  only  to  what  extent  "back  door" 
ijiorities  can  be  acted  upon,  but  also  which 
Ifeources,  uses,  and  activities  will  be  given 
geatest  attention  in  management  programs. 
I  the  absence  of  defined  priorities,  the 
n^ney  that  the  agency  has  to  spend  on  its 
vrious  activities  will  dictate  the  extent  to 

viich  it  can  reach  its  goals. 

In  the  public  debate  over  whether  or  not 

rest  Service  decisions  are  optimal,  an  essen- 
1  point   is  often   overlooked.   Rather  than 

aiming  their  attacks  at  the  agency  itself,  the 

individuals  and  interest  groups  would  do  bet- 
ter to  work  toward  setting  clear  priorities. 

That  is,  their  attacks  should  be  aimed  not 

only  at  forcing  the  agency  to  spell  out  the 
basis  for  certain  decisions,  but  also  at  the 

budgeting  process,  because  it  is  there  that  the 
weights  are  being  heavily  influenced. 

The  two  prominent  aspects  of  the  problem 
are  the  total  budget  and  its  allocation.  First, 

how  is  the  total  budget  appropriation  related 
to  the  actual  total  needs  of  the  Forest  Service 

in  carrying  out  its  operations?  An  easy  ap- 
proach to  budget  problems  would  be  to  say 

simply  that  more  money  is  needed.  This  study 
does  not  take  that  approach.  It  does  not,  in 
fact,  address  itself  at  all  to  the  matter  of  total 

budget,  since  any  and  all  agencies  in  the  gov- 
ernment could  probably  make  a  strong  case 

for  increases  in  funding.  Outside  interests 

could  put  forth  strong  arguments  to  cut  or  re- 
duce the  total  budgets  of  many  government 

agencies.  Rather  than  make  a  plea  for  more 
money,  this  study  urges  a  close  look  at  the 
second  and  more  important  aspect  of  the 

budgeting  problem.  With  the  given  total  ap- 
propriation, how  does  the  allocation  proce- 

dure relate  to  the  agency's  legislative  mandate 
as  expressed  in  the  FOREST  model?  It  will  be 
evident  that  the  significant  incongruities 
identifiable  in  the  budgeting  process  prevent 
or  make  extremely  difficult  full  compliance 
with  the  legislative  mandate. 

To  state  the  question  in  another  way.  Does 
the  allocation  procedure  reflect  the  ecological 
and  environmental  imperatives  found  in  the 
enabling  legislation?  Has  Congress  fulfilled  its 
obligation  in  providing  a  balanced  allocation 
of  funds  that  will  allow  the  full  pursuit  of  the 
objectives  that  it  has  established  for  the 
Forest  Service?  Equally  important,  has  the 

agency  shown  full  awareness  of  its  mission  in 
its  budget  requests? 

Three  possibilities  must  be  considered. 

First,  if  it  can  be  shown  that  the  budget  re- 

quests and  the  final  congressional  appropria- 
tions (not  in  total  dollar  amounts,  but  in  rela- 

tive distribution  among  the  various  resources) 

are  in  line  with  the  agency's  objectives,  then 

current  criticism  must  be  due  to  the  agency's 
failure   to   perform   its   management  job  ade- 
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quately.  In  this  light,  the  current  outcry  over 
management  action  and  inaction  begins  to 
take  on  new  and  added  significance.  Second, 

there  may  be  major  discrepancies  between  the 

agency's  budget  requests  (again  in  relative 
terms)  and  the  congressional  appropriations. 
To  the  extent  that  appropriations  differ  from 
requests,  emphasis  is  shifted  among  resources, 
activities,  and  functions.  If  this  is  happening, 
then  remedial  action  by  an  aggrieved  public  is 

clearly  indicated.  Lobbying  could  force  a  re- 
alignment of  congressional  appropriations. 

Third,  it  may  be  that  the  agency  budget  re- 
quests do  not  realistically  reflect  legislated 

goals. 
The  importance  of  the  issue  raised  in  this 

discussion  can  hardly  be  overestimated.  It  is 
the  question  of  who  best  knows  what  is  in  the 
public  interest.  Some  would  argue  that  if  the 
Forest  Service  is  capable  of  csirrying  out  the 
mandate  of  the  FOREST  model  by  generating 
the  necessary  information  and  calculations, 
then  it  ought  to  be  able  to  determine  where, 

how,  and  when  money  is  to  be  spent  in  per- 
forming its  program-implementing  activities. 

This  argument  maintains  that  because  the 
agency  is  dealing  with  complex  biosystems, 
the  general  public  cannot  be  expected  to 

understand  all  that  is  required  to  make  a  com- 
petent determination  of  what  should  be  done. 

In  short,  the  prescription  is  to  get  the  budget 
requests  in  line  with  the  overriding  decision 
model  (assuming  it  is  properly  implemented) 
and  all  will  be  well. 

There  are  several  reasons  to  suspect  that 
current  budget  requests  do  not  clearly  reflect 
legislative  goals.  First,  the  agency  has  not  to 
date  shown  a  complete  goal  orientation  and, 
therefore,  it  is  unlikely  that  requests  represent 
funding  of  optimal  programs.  Second,  and 
more  important  in  its  practical  thrust,  is  the 
familiar  political  and  bureaucratic  nature  of 

the  budgetmaking  process  in  virtually  all  gov- 
ernment agencies.  Initial  budget  requests  are 

submitted  IV2-2  years  in  advance  of  the  fiscal 
year  covered.  Although  some  will  deny  that 

the  agency  tends  to  let  past  appropriations 
affect  current  requests,  the  tendency  pervades 
most  bureaucratic  budgeting  processes,  and 

the  Forest  Service  is  unlikely  to  escape  it.^' 

^' Haveman  (1970),  p.  89-97;  Lowi  (1969),pa.s,s/m. 

If,  time  after  time  in  the  past,  the  agency  has 

seen  its  requests  for  timber  sales  administra- 
tion, for  example,  fully  funded,  while  at  the 

same  time  other  parts  of  its  request  were  pared 

down,  there  will  be  a  strong  incentive  to  in- 
flate the  timber  budget  (with  a  strong  proba- 

bility of  getting  it  through),  while  at  the  same 
time  neglecting  other  budget  items  to  some 
extent. 

An  agency  officer  may  know  that  any  re- 
quests for  either  soil  and  watershed  funds  or 

research  funds  outside  of  the  States  repre- 
sented by  the  subcommittee  members  will  in 

all  probability  be  reduced.  If  he  has  similar  as- 
surance that  if  he  does  not  ask  for  range  man- 

agement funds  he  will  simply  "lose"  that 
much  of  the  total  budget,  he  is  likely  to  in- 

flate the  range  figure.  Year-to-year  budget  re- 

quests may  tend  to  be  reduced,  when  neces- 
sary, in  areas  seen  as  likely  to  be  lost  or  not 

fully  funded.  Although  recognition  of  this 
fact  may  cause  consternation,  the  practice  is 
so  familiar  in  bureaucratic  situations  that  the 

burden  of  proof  is  placed  on  the  agency  that 
claims  to  be  free  of  it.  The  general  rule  is  that 

the  agency  request  represents  what  it  can  get 
rather  than  what  it  needs. 

Analysis  of  data  in  the  Appendix  indicates 
that  Forest  Service  requests  may  have  been 
made  on  just  such  a  basis.  Changes  obviously 

occur  as  agency  budget  requests  are  passed 
along  on  their  way  to  the  final  appropriation. 

Many  of  these  changes  are  due  to  the  agency's 
inability  to  demonstrate  adequately  the  full 

range  r>nd  consequences  of  management  al- 
ternati^  rs.  This,  in  turn,  makes  it  difficult  to 

argue  convincingly  for  program  redirection. 
This  process  began  long  ago.  Once  it  began,  it 
was  very  difficult  to  reverse,  and  changes  in 

program  directions  came  very  slowly.  This 

may  explain  in  part  why  the  MU-SY  Act  has 
been  so  slow  in  achieving  significant  changes. 

Congress  and  Priorities 

If  an  agency's  budget  request  is  influenced 
to  some  extent  by  what  it  can  get,  the  ques- 

tion remains  whether  what  it  can  get  truly 

serves  the  public  interest.  Perhaps  the  Con- 
gress, being  the  center  of  the  public  arena, 

has  a  better  "feel"  for  what  the  public  wants 
and  needs.  Thus,  we  may  note  that  during  the 
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period  1963-1969,  Forest  Service  estimates  of 

needed  funds  for  its  ''Development  Program" 
iwere   actually  funded  at  the  following  levels 

Vaux  1971,  p.  5-6):'' 

rimber  sale  administration  and 

'    management  94.2% 
deforestation  and  stand 

improvement  41.8% 

lecreation-public  use  46.7% 

!oil  and  water  management  53.7% 

''aux  comments. 

Thus,  the  Forest  Service  problem  seems  to  be 
how  to  get  interest  groups  and  the  Appropria- 

tions Committee  to  go  along  with  its  particular 
assessments  of  value  trade-offs  [i.e.,  weights]. 
The  problem  is  not  that  the  foresters  can't 
make  up  their  minds  which  bale  of  hay  to  chew 
on,  but  that  some  members  of  the  public  and 

Congress  don't  agree  with  them,  and  therefore 
take  action  appropriate  to  frustrate  execution 

of  the  Forest  Service's  determinations.  One  pos- 
sible way  of  dealing  with  this  problem  is  for 

Congress  to  withdraw  its  delegation  of  author- 
ity to  fix  trade-offs  administratively  and  local- 
ly, and  to  itself  play  a  primary  role  in  their 

determination  .  .  .  .  What    this    suggests  ...  is 
,  that  the  key  problem  underlying  this  issue  is, 
not  how  to  define  multiple  use  criteria  more 
sharply,  but  how  to  validate  in  the  eyes  of  the 

'  public  and  of  the  Congress  the  trade-offs  that 
are  used  in  practice  to  determine  land  use. 

Politics  and  Policies 

An  explanation  of  what  motivates  the  con- 

ii-essional  policymakers  is  needed.  Theories  of 
:3vernment  behavior  are  numerous  and 

iried.  Recently,  however,  a  number  of  politi- 
iil  theorists  have  come  to  accept  as  a  close 
;pproximation  what,  for  lack  of  a  better 

ijame,  can  be  referred  to  as  the  "Self- 
Ijiterested  Policymaker"  model.  '^ 

72  1 
Data  are  available  in  U.S.  Congress,  Department 

i  Interior  and  Related  Agencies  Appropriations  for 

170,  91st  Congr.,  1st  Sess.,  Part  3,  p.  92.  The.se  esti- 
iites  were  not  used  in  the  final  budget  requests 
S3wn  in  the  Appendix. 

'"'The  following  discussion  is  largely  based  on  the 
l^atment  found  in  Haveman,  The  economics  of  the 
tblic  sector  (1970)  p.  140-147.  See  also  Buchanan 
ad  Tullock  (1962),  Downs  (1957),  and  McKean 
(965).  Lowi  (1969)  argues  against  the  theory. 

This  theory  suggests  that  the  bai-gaining 
that  takes  place  in  Congress  is  similar  to  that 
in  a  competitive  market  situation.  That  is. 
Congressmen,  Presidents,  bureaucrats,  and 

other  public  policymakers  maximize  the  at- 

tainment of  each  one's  personal  objectives. 
Correspondences  with  the  competitive  market 

include  behavior  such  as  "touching  all  bases" 
prior  to  making  a  decision  (being  highly  con- 

sultative) and  exerting  strong  effort  only 
when  there  is  a  high  probability  of  success;  a 
further  correspondence  is  the  operation  of  a 
kind  of  law  of  demand  as  it  applies  to  the 

"costs"  associated  with  any  given  action.  The 

theory  also  touches  on  Adam  Smith's  "in- 
visible hand"  by  arguing  ihat  this  self- 

interested  policymaking  somehow  achieves 

simultaneously    maximum   "social    benefits." 
Although  it  can  be  seen  that  the  bargaining 

mechanism  implied  in  this  theory  could, 
under  ideal  conditions,  lead  to  policy  and 
spending  decisions  that  truly  represent  the 

public  interest,  the  model  has  the  same  inher- 
ent problems  of  the  purely  competitive  mar- 
ket. These  problems,  generally  offered  as  ex- 

planations of  market  failure,  include  "ex- 
ternalities, lack  of  knowledge  and  informa- 

tion, monopoly  power,  cartelization,  public 

goods,  immobilities,  and  so  on"  (Haveman 
1970,  p.  145;  see  also  d'Arge  and  Hunt  1971). 
Their  existence  in  public-.sector  bargaining  im- 

plies the  strong  probability  that  imperfections 
and  mi.sallocations  of  resources  can  be  ex- 

pected. Here,  as  in  the  economists'  model  of 
the  competitive  system,  failure  or  subopti- 
mization  occurs  because  all  of  the  costs  and 
benefits  are  not  taken  into  account. 

This  brief  reference  to  the  problems  of 

policymaking  and  budgeting  decisions  in  the 
political  arena  serves  merely  to  emphasize  two 

important  considerations  necessary  to  under- 
standing of  the  Forest  Service  position.  First, 

the  agency  can  be  and  is  in  fact  influenced  by 
bureaucratic  tendencies  in  government  that 

undermine  the  goals  of  scientific  manage- 
ment. Second,  the  Congress  does  not  neces- 

sarily have  a  firm  hand  on  what  is  called  the 

"public  interest."  On  the  basis  of  these  facts, 
and  the  results  of  a  review  of  [)ast  policy  on 
budgeting,  we  will  discover  in  the  following 
discussion  that  there  is  no  easily  identifiable 
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relationship  between  the  allocation  of  funds 

and  the  goals  stipulated  in  the  legislation.^'' 

Forest  Service  Budgets,  1955-1972 

The  reader  should  be  wary  of  arguments 
(such  as  the  one  that  follows,  and  others  in 
the  literature)  that  compare  agency  requests 
with  appropriations  and  then  suggest  that  the 
root  of  the  problem  is  the  failure  of  Congress 
to  appropriate  funds  in  accordance  with 

"actual"  needs.  The  budget  requests  of  the 
Forest  Service  may  be  unrealistic  estimates  of 
actual  need.  It  must  be  recognized  that  an 

even  stronger  assertion  of  this  possibility 
might  be  made  on  the  basis  of  more  extensive 

research.  ̂ ^ 
The  Appendix  contains  information  of 

vital  importance  to  understanding  of  the  man- 
agement direction  taken  by  the  Forest  Serv- 

ice. As  indicated  above,  the  ability  of  the 
cigency  to  pursue  rationally  what  it  views  as 
optimal  programs  depends  on  the  level  of 
funding  for  its  budget  request.  Appendix 
table  1  contains  budget  data  for  the  years 
1955  to  1972  on  four  separate  aspects  of  the 

budgeting  process:  The  initial  requests  sub- 
mitted by  the  Forest  Service;  the  budget  re- 

quests forwarded  by  the  Department  of  Agri- 

culture; the  President's  budget  request,  pre- 

^""See  Kaufman  (1960)  for  an  informed  and  easily 
understood  account  of  the  budget-setting  process 
within  the  Forest  Service.  He  argues  in  part  that  the 

"goals"  of  the  administration  are  carried  out  in  large 
part  by  control  over  the  allocation  of  funds.  What  is 
missing  is  any  convincing  argument  that  programs  and 
projects  that  do  receive  funding  are  in  fact  those  that 
would  best  achieve  the  legislative  objectives.  Al- 

though certain  changes  have  occurred  in  the  interven- 

ing years,  Kaufman's  analysis  is  still  valuable. 

^^  Representatives  of  many  interest  groups,  as  well 
as  individuals,  suggest  that  their  investigations  show 
misplaced  allocation  of  funds.  Generally,  however, 
they  are  really  saying  that  funds  are  not  allocated  ac- 

cording to  the  "weights"  or  "trade-offs"  they  would 
like  to  see  established.  (See  U.S.  Congress,  Depart- 

ment of  Interior  and  Related  Agencies  Appropria- 
tions for  1970,  91st  Congr.,  1st  Sess.,  Part  3;  and 

Public  Land  Law  Review  Commission,  One  third  of 

our  Nation's  land,  1970,  Wash.,  D.C.,  Govt.  Printing 
Office.)  Hagenstein  (1971)  argued  that  not  enough  at- 

tention (i.e.,  allocated  funds)  is  being  given  to  the 

"economic  development"  aspects  of  the  Forest  Serv- 
ice's goals. 

pared  by  the  Office  of  Management  and  Budg- 
et, formerly  the  Bureau  of  the  Budget;  and 

actual  congressional  appropriations  (including 
supplemental  bills  and  appropriations). 

The  budget  request  of  the  Forest  Service  is 
first  reviewed  and  revised  by  the  Secretary  of 
Agriculture.  With  revisions  and  adjustments, 
this  Department  request  is  then  forwarded, 
without  mention  of  alterations  made,  to  the 

Office  of  Management  and  Budget.  At  this 

level  the  President's  budget  is  formulated,  and 
additional  changes  are  made  before  this  is  for- 

warded to  the  Congress  for  hearings  in  the  ap- 

propriations committees. 
The  steps  in  the  budget  process  are  good 

indications  of  the  priority  formulation  proc- 
ess. Alterations  of  the  original  Forest  Service 

priorities  show  up  quickly  as  over-  or  under- 
funding  of  the  various  line  item  requests.  A 
view  of  the  allocations  at  various  levels  as  a 

percent  of  the  original  agency  request  reveals^ 

priority  determinations. 

Evidence  of  Forest  Service  Priorities 

The  data  presented  does  not  lend  itself  di- 

rectly to  an  estimate  of  the  "absolute"  pri- 
ority ranking  among  the  various  resources, 

nor  to  determination  of  the  numerical  value 

of  the  weights  used  in  agency  decisionmaking. 
Nevertheless,  changes  in  the  relative  ranking 
are  evident.  During  the  period  prior  to  the 

enactment  of  the  MU-SY  Act  (1955-1962), 
the  Forest  Service  attempted  through  its 

budget  requests  to  place  greater  emphasis  on 
the  noncommodity  resources  of  the  FOREST. 
Timber  and  range  were  being  deemphasized  in 
favor  of  other  resource  considerations.  Fol- 

lowing the  "catching  up"  period  which  ended 
in  1962,  the  agency  began  to  show  relatively 
constant  priorities  for  all  of  the  resources. 

This  conclusion  rests  on  the  following  anal- 

ysis. 

In  the  absence  of  legislatively  stipulated 

priority  rankings,  some  other  indication  of 

the  relative  priorities  between  the  various  re- 
sources must  be  found.  Two  different  sets  of 

calculations  are  suggested  here.  The  percent- 
age of  the  total  budget  request  for  National 

Forest  protection  and  management  that  is  al- 
lotted to  each  of  the  separate  resources  is  a 

clue   to   the  relative  importance  of  that  re- 
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source  in  the  budget  "pie,"  as  shown  in  fig- 
ure 12.  The  diagram  tells  only  part  of  the 

;>tory,  however.  Since  the  allocations  to  the 
l/arious  resources  vary  widely,  relative  changes 

:ould  be  taking  place  annually  without  pro- 
iucingany  significant  change  in  the  size  of  the 
;lice.  Thus,  it  will  be  necessary  to  look  also  at 

-he  annual  percentage  increase  that  takes  place 

n  budget  requests  for  each  of  the  various  re- 

sources. This  will  indicate  the  changes,  if  any, 

taking  place  in  the  relative  priority  rankings. 
Analysis  of  the  data  suggests  the  following 

general  interpretation. 
The  period  prior  to  enactment  of  the  MU- 

SY  Act  showed  a  considerable  deemphasis  on 
timber  (T,  )  and  range  (R)  resources.  This  is  in 
contrast  to  what  might  be  expected  in  view  of 
criticism   of  the  agency  on  this  score.  These 

WILDLIFE 
HABITAT 

VIANAGEMENT 

2.48% 

o 
RECREATION- 
PUBLIC  USE 

19.14% 

R 
RANGE 

RESOURCE 
MANAGEMENTi 

8.44% 
s 

SOIL  AND  WATER 
MANAGEMENT 

3.65% 

T^ 

TIMBER  SALES 
ADMINISTRATION  AND 

MANAGEMENT 

20.50% 

OTHER 
MINERAL  CLAIMS,  LEASES, 
AND  OTHER  LAND  USES; 
LAND  CLASSIFICATION; 

ADJUSTMENTS  AND  LAND  SURVEYS; 
FOREST  FIRE  PROTECTION; 

STRUCTURAL  IMPROVEMENTS;  ETC. 

36.18% 

T 
REFORESTATION 

AND  STAND 
IMPROVEMENT 

9.61% 

ngure  12.  —  The  budget  allocations  for  National  Forest  protection  and  management,  as  re- 
quested by  the  Forest  Service;  note  that  there  is  no  specific  allocation  for  environmental 

amenities  (E).  Percentages  are  averages  for  the  period  1955  through  1972. 



two  commodity  resources  showed  average 
annual  percentage  increases  in  Forest  Service 
budget  requests  of  15.84  percent  and  9.21 
percent,  respectively.  Compared  to  these  we 
find  increases  in  the  other  resources  for  the 

same  period  (1955-1961)  as  follows: 

Soil  and  water 

management  (S) 
Wildlife  habitat 

management  (F) 

Recreation-public  use  (O) 
Reforestation  and  stand 

improvement  (T2 ) 
Forest  research 

59.84  percent 

51.92  percent 
49.34  percent 

32.06  percent 
22.45  percent 

Thus,  even  though  the  aggregated  data  ob- 
scure certain  aspects  of  this,  it  is  obvious  that 

during  the  period  prior  to  the  enactment  of 

the  MU-SY  Act  all  of  these  noncommodity  re- 
sources had  implied  priorities  that  were  gain- 

ing relative  to  timber.  This  relative  shift  in  the 

priority  ranking  existed  even  though  the  ag- 
gregated data  shows  that  each  was  consider- 

ably smaller  than  the  timber  request. 

Passage  of  the  MU-SY  Act  could  not  have 

been  reflected  in  the  agency's  budget  requests 
until  the  1962  budget  was  put  forward,  be- 

cause of  the  timing  of  the  budget  preparation 
process.  In  that  year  there  was  a  large  increase 
in  requested  amounts  for  every  one  of  the 
FOREST  resources,  with  the  exception  of 
timber.  The  increased  requests  in  that  year 
would  tend  to  distort  the  picture  formed  by 
the  data  for  the  years  following  passage  of  the 

MU-SY  Act;  they  are  therefore  eliminated 

from  consideration.^^  Average  annual  per- 
centage increases  in  Forest  Service  requests 

for  the  period  1963-1972  show  the  following 
trends:  F,  4.43  percent;  O,  9.38  percent;  R, 

3.97  percent;  S,  9.36  percent;  T,  ,  10.74  per- 
cent; T2 ,  8.74  percent;  and  Forest  research, 

6.30  percent. 

The  data  for  the  later  period  (1963-1972) 

tends  to  suggest  that  after  "catching  up"  in 
certain  management  and  resource  areas,  the 

agency  began  to  show  relatively  constant  im- 
plied priorities.  Had  the  data  been  rounded  to 

the  nearest  whole  number,  four  of  the  line 

items  (O,  S,  T, ,  and  T:  )  would  have  had  aver- 
age annual  increase  within  two  percentage 

points  of  each  other.  Even  with  the  exceptions 

of  Range  resource  management.  Wildlife  habi- 
tat management,  and  Forest  research,  the 

differences  are  relatively  small.  They  certainly 
do  not  show  the  wide  variation  of  earlier 

periods.  This  would  indicate  that  the  requested 
allocation  of  the  budget  pie,  as  it  now  stands, 
is  seen  by  the  agency  as  representing  a  much 
more  balanced  program  than  it  did  before  the 

passage  of  the  MU-SY  Act.  If  this  were  not 
so,  then  attempts  to  alter  the  size  of  the  pie 
should  have  continued  to  show  differentials  of 

the  magnitude  evident  before  1962. 

Missing,  of  course,  is  any  observable  link 
between  the  requests  made  by  the  agency  and 
the  actual  amounts  that  would  be  needed  to 

carry  out  an  "optimum"  program.  Failure  to 
tie  its  budget  requests  directly  to  an  explicitly 

goal -oriented  management  plan  leaves  the 

agency's  request  open  to  drastic  alterations. 
Nowhere  is  this  more  evident  than  in  the  data 

that  will  be  presented  here  as  to  the  budget 

process  at  higher  administrative  levels.  Uncon- 
vinced that  the  agency  has  optimally  sliced 

the  pie,  those  charged  with  administering  the 

budget  process  at  higher  levels  cut  and  pare  at 
will,  thus  altering  the  priorities  established 
earlier. 

Priorities  at  the  Higher  Budget  Levels 

In  the  1960  Senate  floor  debate  on  the 

MU-SY  Act,  Senator  McGee  of  Wyoming 

entered  in  the  Congressional  Record  the  budg- 
etary history  of  Forest  Service  appropriations 

^^The  budget  presented  for  1962  may  be  viewed 
as  a  transition  budget  which  attempted  to  correct 

past  imbalances.  Once  the  "corrections"  were  made,  a 
new  path  could  be  followed.  If  the  surge  in  budget 
requests  is  Included  in  the  average  annual  percentage 
increase,  thus  making  the  period  1962-1972,  we  find 
that  timber  and  range  are  given  a  reduced  emphasis. 
Those  two  resources  had  average  annual  increases  of 
11.49  percent  and  8.58  percent,  respectively.  Forest 
research  came  in  for  a  rather  drastic  cut  in  priority, 
showing  average  annual  budget  request  increases  of 
only  10.62  percent,  placing  it  near  the  bottom  of  the 
implied  priority  scale.  The  other  resources  showed 
average  annual  increases  as  follows:  T2 ,  26.71  percent; 
S,  21.96  percent;  F,  14.56  percent;  and  0,  12.61  per- 

cent. It  should  be  noted  that  the  figure  for  Soil  and 
watershed  management  does  not  reflect  allocations 
under  the  Water  Resources  Development  Act,  passed 
in  1966.  This  note  should  serve  to  remind  the  reader 
that  the  data  being  presented  is  highly  aggregated  and 
does  not  reflect  special  year-to-year  circumstances. 
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from  the  fiscal  year  1955  through  the  fiscal 

year  1961.^^  Senator  McGee  charged  at  that 
time  that  Congress  "found  it  necessary  to  cor- 

rect slashes  made  by  the  Bureau  of  the  Budget 
which,  in  fact,  have  eroded  the  high  principle 

to  which  this  administration  has  given  lipserv- 

ice."  Not  mincing  words,  he  argued  that  the 
"administration  has  sabotaged  its  own  multi- 

Iple  use  program."  On  the  basis  of  a  12-year 
program  projection  by  "Forest  Service  ex- 

perts in  our  Government,"  McGee  stated  that 
"one-eyed  bookkeepers"  in  the  Bureau  of  the 
Budget  were  the  culprits  behind  a  "story  of 
default  on  a  responsibility;  of  a  failure  to 

measure  up  to  words  with  deeds." 
A  charge  very  similar  to  that  made  by 

McGee  came  ten  years  later  from  the  chair- 
woman of  the  Subcom.mittee  on  Department 

of  Interior  and  Related  Agencies,  Julia 

Hansen.  She  stated,  "I  have  a  suspicion  that 
Afhen  the  Forest  Service  budget  is  reviewed  by 
:he  Office  of  Management  cind  Budget,  too 
nany  people  assume  that  the  entire  purpose 
Df  the  Forest  Service  is  only  in  the  timber 

'utting  area  and  this  is  not  true."^* 
Although  the  data  presented  here  tend  to 

l^erify  such  charges,  an  even  more  important 
irea  of  concern  is  pinpointed.  Each  of  the 
hree  administrative  levels  above  the  Forest 

Service  which  handle  the  agency's  request  may 
"pe  expected  to  make  alterations  in  the  actual 
iize  of  the  pie.  This  is  in  line  with  their  re- 
Iponsibility  to  coordinate  and  integrate  the 

requests  from  many  such  agencies  which  come 
inder  their  purview.  It  is  their  job  to  see  that 

he  relative  priorities  among  agencies  are  estab- 
ished  and  maintained.  Thus  the  Department 

)f  Agriculture,  having  weighed  the  facts  pre- 
^lented  to  it,  must  slice  its  own  pie. 

While  this  is  taking  place,  the  other 

abinet-level  departments  are  performing  simi- 
Eir  budget  studies.  These  are  all  forwarded  to 

he  Office  of  Management  and  Budget,  where 

"^"^  Congressional  Record,  86th  Congr.,  2d  Sess. Vol.  106,  Part  9),  p.  12079-12083.  The  data,  up- 
iiated  to  1972,  appear  in  the  Appendix. 

U.S.  Congress,  House,  Department  of  Interior 
Ind  Related  Agencies  Appropriations  for  1972,  92d 
fongr.,  1st  Sess.,  Hearings,  Part  6,  p.  293.  Mrs. 
lansen  also  mentioned  problems  associated  with  the 
npoundment  of  funds  previously  appropriated  (see 
.293,409). 

the  President's  budget  is  established.  For  the 
most  part,  this  office  aims  to  adjust  the  vari- 

ous Department  level  requests  in  view  of  the 

priorities  given  to  it  by  the  current  adminis- 
tration. Final  action  is  then  forwarded  to  the 

Congress.  It  should  be  noted  that  by  the  sec- 
ond and  third  stages  of  the  budget  process  the 

major  task  is  to  allocate  slices  of  the  pie  to 
agencies  or  departments,  not  to  programs, 
functional  activities,  and  projects.  Unless  the 
higher  levels  are  ready  to  analyze  the  costs 
and  benefits  of  project  level  allocations,  they 
must  accept  as  valid  the  relative  allocations 
presented  by  the  agency.  If  they  go  beyond 

altering  the  size  of  the  agency  slice  by  read- 
justing allocations  among,  say,  the  resources 

of  the  FOREST,  they  should  be  prepared  to 
justify  this  action  on  technical  grounds,  just 
as  the  agency  itself  should  be. 

This  study  has  maintained  that  there  is  evi- 
dence to  suggest  that  the  Forest  Service  has 

failed  to  convince  that  its  budget  requests  are 

in  any  way  tied  to  an  optimal  goal-oriented 
management  plan.  Just  as  important,  how- 

ever, is  the  evidence  that  the  three  higher 
branches  of  government  have  failed  to  accept 

the  requests  of  the  agency  as  valid.  With  re- 
spect to  sustained-yield  management,  in  fact, 

they  have  made  it  difficult  or  impossible  for 

the  Forest  Service  to  fulfill  the  legal  require- 
ment. Timber  cutting  and  reforestation  and 

stand  improvement  are  complementary  activi- 
ties (fig.  13).  Agency  critics  have  angrily 

charged  that  sustained  yield  princi|5les  have 
been  ignored.  The  allowable  cut  calculations 
simply  were  not  in  line  with  provisions  for 
regeneration  of  cutover  sites.  This  was  partly 

due  to  the  budgetary  process.  The  Poorest 
Service  has  committed  itself  to  increasing  tim- 

ber harvest  significantly  by  1980.  Whether 
this  will  be  po.ssible  with  reference  to  the  legal 
mandate  for  sustained  yield,  time  will  tell.  At 
this  time,  however,  it  appears  that  the  past 
limitations  on  timber  growing  efforts  may 

have  diminished  the  opportunity  to  meet  the 
commitment. 

The  relation  of  Forest  Service  requests  to 

higher  level  budgets  is  shown  in  figure  14. 

Over  the  18-year  period  covered  by  the  data 

presented,  the  Department  of  Agriculture  sup- 
ported agency   requests  for  Timber  sales  ad- 



Figure  13.  —Stand  improvement  includes  proper  spacing  of  trees.  These  two  lodgepole  pine 
cross  sections  came  from  the  same  area.  The  section  with  wide  annual  rings  was  cut  from  a 

17-year-old  tree  established  in  an  opening  created  by  timber  harvest.  The  section  with 
narrow  rings  was  cut  from  a  105-year-old  tree  growing  in  an  overcrowded  stand. 

ministration  and  management  (T,  )  at  the  99 
percent  level,  but  forwarded  only  81  percent 
of  agency  requests  for  Reforestation  and 
stand  improvement  (Tj  ).  The  other  two  levels 
of  the  budget  process  present  similar  pictures. 
The  Bureau  of  the  Budget  supported  T,  at  93 
percent  of  agency  requests,  but  forwarded 
only  67  percent  of  suggested  funding  levels 
for  T2  .  Many  people,  both  in  and  out  of  the 

Forest  Service,  would  like  to  know  what  tech- 
nical information  was  available  to  these  higher 

level  budget  makers  which  continued  to  elude 
the  agency  itself. 

It  is  interesting  to  note  in  figure  15  that 

gi-eater  emphasis  was  given  to  the  Reforesta- 
tion and  stand  improvement  item  before  the 

MU-SY  Act  was  passed  than  after,  by  both 
the  Congress  and  the  Bureau  of  the  Budget. 
The  charts  show  the  support  levels  for  the 

period  prior  to  the  MU-SY  Act,  the  period 
after  its  passage,  and  the  entire  18-year 
period. 

The  discussion  above  has  established  a 

basis  on  which  the  relative  priorities  assigned 

to  the  FOREST  resources  by  the  three  highe 
levels  in  the  budgetmaking  process  can  be  est 
mated.  Relative  priority  ranking  here  is  prol: 
ably  best  evidenced  by  the  willingness  t 
either  accept  or  cut  the  original  budget  r( 
quests  of  the  Forest  Service.  If  budget  cut 
are  necessary,  or  full  financing  deemed  unwai 
ranted,  then  seemingly,  cuts  should  appea 
more  often  and  to  a  greater  extent  in  th 

low-priority  items.  If  the  priority  rankings  ar 
consistent  with  those  of  the  Forest  Service  ii 

self,  there  should  be  little  variation,  if  any,  i 

the  percentage  of  separate  line  items  fundec 
even  though  the  total  budget  request  is  cut. 

The  year-to-year  fluctuation  in  fundin 

levels  as  set  by  the  higher  budget  revie^ 
bodies  (fig.  15)  reveal  an  unmistakable  an 
consistent  emphasis  on  two  of  the  resource 
in  the  FOREST.  Without  exception,  over  an 
period  measured,  all  three  budget  levels  plac 
Timber  sales  administration  and  managemer 

(Ti  )  as  the  number  one  priority.  Agaii 
without  exception,  all  three  budget  levei 
place  Range  resource  management  (R)  as  th; 
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Figure    14. —Budget   estimates   and   appropriations   as   percents   of  original   Forest  Service 
request.  Percentages  are  averages  for  the  period  1955  to  1972. 

number  two  priority.  The  attempt  by  the 
Forest  Service  to  maintain  a  relative  consis- 

tency in  the  sHcing  of  the  pie  is  thus  thwarted 
ill  along  the  line.  With  respect  to  the  other 
loncommodity  resources  no  consistent  pattern 

^merges.  In  general,  Soil  and  water  manage- 
nent,  Reforestation  and  stand  improvement, 

ind  Forest  research  are  given  the  lowest  im- 
plied priorities.  No  attempt  has  been  made  in 

his  study  to  investigate  the  intermittent  in- 
uence  of  passage  of  legislation  such  as  the 
Jational  Environmental  Policy  Act. 
Both  Senator  McGee  and  Representative 

Hansen  suggest  that  the  Congress  has  been 
forced  to  patch  up  holes  made  by  the  Bureau 

"  w  the  Budget.  The  fact  that  in  every  area  ex- 
^  lept  Recreation-public  use  (O)  the  congres- 
jional  appropriation  has  been  above  the 
^ount    submitted    by    the    Bureau    of    the 

'   v\' 

Budget  would  lend  credence  to  that  argument. 
It  is  important  to  notice,  however,  that  except 
for  Wildlife  habitat  management,  the  level  of 

congressional  support  for  the  original  re- 
quests by  the  agency  has  fallen  since  the  pas- 

sage of  the  MU-SY  Act.  This  is  especially  ap- 

parent in  the  areas  of  Forest  research  and  Re- 
forestation and  stand  improvement,  where  the 

support  levels  fell  from  87  percent  in  the  pe- 
riod 1955-1961,  to  73  percent  and  71  per- 
cent, respectively,  from  1962  to  1972. 

The  data  presented  for  the  7-year  period 
1955-1961  are  of  particular  interest.  Senator 
McGee  charged  that  the  Bureau  of  the  Budget 
had  undermined  the  Forest  Service  attempt  to 

get  effective  "multiple  use  management."  It 
appears,  however,  that  the  actual  program 

cutting  came  one  step  earlier  in  the  Depart- 
ment  of   Agriculture    review    of    the    agency 
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Timber  Sales  Administration  and  Management T(T2I   -  Reforestation  and  Stand  Improvement 

—  Budget   estimates   and   appropriations   as  percents   of  original  Forest  Seruic 
showing  annual  levels  and  averages  for  selected  periods,  1955  to  1972. 
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request.  The  President's  budget,  calculated  as  a 
percentage  of  the  Department  of  Agriculture's 
request,  shows  that  in  the  period  1955-1961 

the  so-called  "one-eyed  bookkeepers"  were 
forwarding  requests  equal  to  96.2  percent  of 

the  departmental  requests.  In  only  two  in- 

stances did  the  President's  Budget  call  for 
funding  below  90  percent  of  the  level  re- 

quested by  the  Department  of  Agriculture, 
and  it  was  precisely  in  these  two  resource 

areas  (F  and  O)  that  we  find  the  greatest  ap- 
parent reluctance  on  the  part  of  the  Congress 

to  correct  slashes.  It  is  in  these  two  areas  that 
the  Forest  Service  is  least  able  to  demonstrate 

the  consequences  of  management  alternatives. 

It  would  appear,  then  that  during  the  pe- 
riod prior  to  enactment  of  the  MU-SY  Act 

(1955-1961),  the  largest  deviations  from  the 
original  requests  by  the  Forest  Service  were 
coming  at  the  hands  of  the  Department  of 

Agriculture.  This  situation  was  altered  some- 
what in  the  period  following  the  passage  of 

the  MU-SY  Act  (1962-1972);  the  data  indi- 
cate that  the  Bureau  of  the  Budget  on  the 

average  only  requested  87.8  percent  of  the  de- 
partment request  in  its  messages  sent  to  Con- 

gress. In  the  latter  period,  cuts  were  made  at 
both  levels  of  the  administration.  A  possible 
explanation  may  be  found  in  the  political 
realities.  The  relationship  of  the  Secretary  of 
Agriculture  to  the  Office  of  the  President  is 
very  similar  to  that  of  the  Bureau  of  the 

Budget.  Thus,  in  the  earlier  period,  a  similar- 
ity between  the  two  in  handling  of  budget  re- 

quests is  not  surprising.  The  process  by  which 

reductions  at  these  two  levels  ai"e  later  re- 
versed in  the  congressional  appropriations  is 

apparent  from  the  testimony  before  the  con- 
gressional appropriations  subcommittees,  it 

would  appear  that  when  budget  cuts  are  sug- 
gested by  the  two  intermediate  administrative 

departments,  the  Forest  Service  responds  by 

reducing  its  requests  in  the  areas  "closest  to 
home"  with  respect  to  specific  Senate  and 
House  members  seated  in  the  subcommittees. 

As  the  hearings  proceed,  the  Congressmen  one 

by  one  inquire  about  the  funding  of  their  fa- 
vorite projects  only  to  find  that  these  are  the 

items  that  have  been  reduced.  Not  surpris- 
ingly, they  are  quick  to  catch  such  items. 

When  the  final  appropriations  package  is  pre- 
sented to  the  full  Appropriations  Committee, 

most  of  the  cuts  have  been  restored.  Obvious- 
ly, this  process  is  not  specifically  operative 

with  respect  to  the  Forest  Service,  as  evi- 
denced by  the  following  exchange  during 

congressional  hearings  in  1968:^'' 
Chairman  Proxmire:  We  niiyhl  :is  well  bf  as 
blunt  and  comprehensive  as  we  can  on  (his  The 
problem  is,  we  are  not  just  deaiiny  with  sheer 
economic  theory.  We  are  dealing  with  some 
hard,  toufih  political  facts  The  people  who 
really  determine  whether  we  540  ahead  with 
many  of  the.se  projects  are  the  members  of  the 

Senate  and  the  House  Interior  ("ommit  tees  and 
the  Secretary  of  the  hiterior.  The  FresidenI  and 
Members  c)f  Conf^ress  have  many,  many  other 
oblif^ations  and  we  tend  to  delef^ate  to  these 
gentlemen  our  decisions  to  a  considerable  ex 
tent  in  this  area. 

As  quoted  in  Haveman  ( 1970,  p.  146). 



Look  at  the  Interior  Committee  of  the  Senate 
and  you  will  see  that  its  members  come  from 
the  following  States:  Washington,  New  Mexico, 
Nevada,  Idaho,  Alaska,  Utah,  North  Dakota, 

Arizona,  South  Dakota,  Wisconsin  —  I  am 
happy  to  see  there  is  one  member  from 
Wisconsin  —  Montana,  California,  Colorado, 
Idaho  again,  Arizona  again,  Wyoming,  Oregon. 

Practically  all  Western  States.  It  is  hard  to  find 
anyone  from  east  of  the  Mississippi  who  ever 
serves  on  the  Interior  Committee. 

Representative  Moorhead:  I  might  say  to  the 
Chairman,  the  same  pattern  holds  in  the  other 
body. 

Chairman  Proxmire:  Exactly. 

So  we  have,  you  see,  an  atmosphere  of  bias, 
understandable  bias,  an  atmosphere  of  political 
force  here  which  I  think  we  have  to  recognize. 

The  budget  data  could  be  analyzed  much 
more  closely,  but  it  seems  unlikely  that  any 
additional  useful  conclusions  could  be  drawn. 

It  is  not  possible  to  show  unequivocally  now 

that  the  Forest  Sei-vice  budget  requests  (or 
the  recommendations  made  at  any  one  of  the 
other  levels)  are  the  scientifically  determined 

best  estimates  of  need.  This  can  only  be  ac- 
complished when  budget  requests  are  directly 

tied  to  a  goal-maximizing  program.  If  the 
budgeting  process  could  be  oriented  toward 
the  legislative  mandate,  and  to  the  specified 
goal  as  expressed  in  the  FOREST  decision 
model,  the  Forest  Service  might  take  the  giant 

step  required.  When  budget  requests  directly 

reflect  the  ecological  and  silvicultural  implica- 
tions of  the  FOREST  model,  the  agency  will 

be  closer  to  solving  its  budget  problems. 
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In  the  previous  section,  some  of  the  incon- 
gruities in  current  Forest  Service  practice  have 

been  pointed  out.  It  remains  for  us  to  con- 
sider the  progress  now  being  made  toward 

^toal-oriented  decisionmaking,  and  the  ways  in 
which  the  decision  model  can  help  to  acceler- 
ite  that  progress.  Achievements  are  being 
nade  in  methods  of  public  involvement  and 
n  research  techniques  in  the  exploration  of 

ilternatives.  Progress  in  solving  budget  prob- 
ems  may  be  slow,  but  if  the  agency  can  see 
clearly  the  direction  it  must  take  in  the  light 

)f  its  mandate,  even  here  much  may  be  ac- 

•omplished.  An  essential  step  toward  the  fu- 
ure  is  the  identification  of  priorities  on  the 
lational  level. 

IVational  and  Lcx^iil 
Frioritic^s 

The  distinction  between  values  and 

veights,  or  priorities,  in  the  FOREST  model 
^  a  crucial  one,  as  we  have  seen.  In  the 

veighting  of  goals,  the  political  and  social  de- 

ires  of  the  nation's  citizens,  as  expressed 
hrough  the  democratic  process,  are  reflected, 

/^alues,  on  the  other  hand,  are  the  achievable 
^vels  of  output,  appropriately  measured,  for 

he  various  resources.  Ecological  and  environ- 
mental interrelationships  are  stressed  in  the 

measurement. 
The  conclusion  has  been  reached  in  this 

tudy  that  in  the  legislation  the  weights  to  be 

{^signed  to  each  of  the  resource  values  are  left 
b  be  determined  on  a  local  or  regional  basis. 
:  seems  proper  now  to  suggest  that  these 
ught  to  be  determined  on  the  national  level. 

1  decisionmaking,  the  value  ratios  between 
le  interrelated  resources  must  be  identified. 

but  this  process  in  itself  requires  a  weighting. 
Presumably,  nationally  perceived  needs  ought 

to  outweigh  those  perceived  ■  locally.  The 
knotty  question  is,  just  how  much  weight 
should  each  have  in  determining  priorities? 

This  has  both  theoretical  and  political  impor- 
tance that  should  not  be  underestimated. 

Our  difficult  question  may  be  put  in 
another  way  to  ask.  Whose  forests  are  they 
(see  Held  1967)?  This  problem  has  intrigued 

historians  for  three  generations  and  will  prob- 
ably never  be  fully  solved  to  the  satisfaction 

of  all.  People  in  the  forested  regions  of  the 
West  will  always  feel  that  the  interest  of 

people  in  the  East  in  preserving  recreational 
and  scenic  values  com.petes  with  their  concern 

for  commodity  values  important  to  their  eco- 
nomic welfare.  Recently  we  hear  a  new  tone 

in  statements  on  the  issue.  It  is  said  that  there 

is  no  logic  in  keeping  millions  of  acres  locked 
up  in  the  wilderness  areas,  when  so  many 

people  living  in  poverty  in  the  East  will  never 

see  the  trees  unless  they  are  utilized  in  a  pro- 
gram aimed  at  urban  renewal  and  housing 

construction.  Full  implementation  of  a  goal- 
oriented  FOREST-type  model  will  require 
that  a  practical  answer  to  our  question  be 
found. 

That  answer  could  have  the  following  gen- 
eral outlines.  The  public  should  be  given  every 

opportunity  to  be  hejird  at  the  national  level 

(both  in  Congress  and  in  the  Washington  Of- 
fice of  the  Forest  Service)  on  matt(>rs  affect- 

ing rules  and  decisions  of  a  legislative  charac- 
ter. This  could  be  done  as  amendments  of  the 

overriding  legislated  goal  are  considered  and 

weights  are  assigned  for  use  by  local  decision- 
making units  in  their  evaluations  of  proposed 



projects.  Here  a  distinction  is  to  be  made  be- 
tween programs  and  projects.  Programs  spe- 

cify an  all-encompassing  direction  to  be  taken 

by  the  Forest  Service,  such  as  policy  state- 
ments concerning  issues  of  national  (as  op- 

posed to  local)  importance.  This  is  the  process 
that  was  largely  responsible  for  the  enactment 

of  the  Multiple  Use-Sustained  Yield  and  the 
National  Environmental  Policy  Acts.  On  this 

level  the  various  public  groups  can  most  ef- 
fectively express  their  wishes  and  affect  agen- 

cy policy.  This  is  the  proper  role  of  the 

"advocacy"   process. 
What  we  have  been  saying  is  that  the  proc- 

ess of  advocacy  can  best  serve  the  public  in- 
terest if  used  in  the  rulemaking  or  program 

development  area  of  agency  decisionmaking. 
Once  the  goal  is  specified  (as  elaborated  in  the 

FOREST  model),  the  advocacy  process,  in- 
stead of  being  a  clash  of  vested  interest 

groups,  becomes  an  assessment  of  program 

impact.  It  would  bring  about  the  marginal  ad- 
justments that  may  be  needed  when  adequate 

information  is  lacking  at  the  stage  of  program 
formulation.  This  is  the  kind  of  flexibility 

called  for  in  goal  setting.  When  public  involve- 
ment is  used  in  program  areas,  the  agency  be- 
comes relatively  free  to  apply  its  expertise  to 

project  evaluation  (for  example,  specific  tim- 
ber sales  or  recreation  developments).  The 

constant  necessity  of  dealing  with  local  or 
other  interest  groups  is  diminished,  and 

"special  pleading  later  on  [shows]  up  clearly 
as  an  attempt  to  gain  exception  from  general 

policies  already  agreed  upon  .  .  ."  ̂° 
In  the  area  of  public  appeal  from  agency 

decisions,  the  FOREST  model  should  provide 

a  useful  base  for  constructive  challenge.  Be- 
cause it  is  drawn  from  the  legislation,  particu- 
larly the  Multiple  Use-Sustained  Yield  Act 

and  the  National  Environmental  Protection 

Act,  it  can  help  to  insure  compliance  with  the 
law.  Use  of  the  model  requires  that  all  feasible 
alternatives  be  reviewed  and  considered.  If  the 

model  is  faithfully  adhered  to,  the  public 
should  have  no  ground  for  raising  this  issue  in 
the  courts. 

The  Forest  Service  is  already  making  prog- 

ress in  meeting  its  legal  requirements  in  this 
area,  as  indicated  in  the  incorporation  of  eco 
nomic  analysis  and  program  level  alternatives 
in  the  resource  inventories.  Perhaps  one  of  th( 
best  examples  is  the  multidisciplined  studj 

being  conducted  in  the  Larch  Mountain-Bul 
Run  area  of  the  Mt.  Hood  National  Forest. 

The  approach  being  taken  by  the  studj 
team,  which  includes  a  landscape  architec 
(who  also  represents  recreational  activity),  ; 
silviculturist,  a  civil  engineer,  and  a  logging 
engineer,  is  to  ask  the  fundamental  question 
How  best  can  this  area  be  used?  The  team  wai 

directed  to  study  and  evaluate  alternatives  fo: 

the  study  area  and  attempt  to  consider  al 
actions  feasible  in  terms  of  what  the  land  wil 

support. Drawing  from  its  common  pool  of  data 
the  team  and  its  assistants  broke  itself  intc 

three  subteams.  Each,  paying  no  attention  t( 
the  other  two,  decided  how  it  would  manag* 
the  Larch  Mountain-Bull  Run  area  if  the  dom 
inant  use  was  recreation  (timber,  water)  anc 
all  else  was  secondary.  The  result  was  three  al 

ternate  plans,  each  mapped  and  zoned  in  care 

ful  detail.  Only  in  one  small  portion  — j 
watershed  supplying  the  community  o: 

Corbett  on  the  Columbia  River  —  were  th( 
three  plans  fairly  unanimous.  In  a  final  step,  i 
fourth  alternative  was  produced  which,  in  th( 
consensus  of  its  drafters,  embodied  the  besi 

features  of  all  three  plans.*' 
Although  the  study  is  not  completed,  ii 

does  suggest  one  useful  approach  to  the  recog 
nition  of  the  legal  requirement  to  investigate 

alternative  uses  of  the  land.  The  "dominant 

subordinate"  approach  taken  does  not  seen 

appropriate  to  the  task,  however.  The  "tota 
environment"  approach  suggested  by  th( 
FOREST  model  would  dictate  that  all  re 

sources  be  considered  in  the  early  planniri] 

stages.  Nevertheless,  this  type  of  policy  for 
mulation  is  certainly  an  improvement  ove 
some  of  the  methods  used  in  the  past,  an( 
could  be  channeled  with  relative  ease  towarc 

a  greater  emphasis  on  the  total  FOREST 
More  important  in  the  short  run  is  the  fac 
that  such  efforts  may  well  prevent  unnece; 

sary  and  costly  court  action. 

p.  169. 
'Marglin  (1967),  p.  19.  See  also  Freeman  (1969), *' "Something   new   in  forest  planning,"  Colurt 

bian,  Vancouver,  Washington,  July  9,  1971. 
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C] losing  tliC5  Bac^,k  Door 
Earlier  discussion  has  centered  on  the  pri- 

rities  that  enter,  as  it  were,  through  the  back 
oor.  A  review  of  some  of  the  major  efforts 
ow  being  made  to  avoid  such  weighting  by 
efault  will  suggest  a  direction  for  the  future, 
ertain  segments  of  the  agency  are  working  to 

^t  more  complete  and  reliable  data  and  infor- 
lation  on  which  to  base  decisions.  The  ac- 
3unt  of  these  projects  presented  here  is  only 

_^presentative;  there  are  others  currently 
nderway  in  other  National  Forest  Regions, 
id  no  implication  is  intended  that  other 
imilar  efforts  are  not  worthy  of  emphasis  and 

(()s(>  scrutiny. 
The  need  for  resource  inventory  work  that 

ill  describe  and  update  timber  and  other  re- 
!)urces  in  relation  to  other  factors  has  been 

pinted  out.  Though  still  in  the  formative 
lages  and  recognized  as  experimental,  the 
ian  for  the  timber  inventory  of  the  Sitgreaves 

mtional  Forest^^  illustrates  the  manner  in 
ihich  the  agency  is  trying  to  tackle  its 

(j)mplex  problems. 
The  objective  of  the  inventory,  as  stated  in 
e  plan,  is  to  provide  necessary  information 

l)r  meaningful  timber  planning,  including 

(ita  on  the  "capability  of  the  land  to  grow 

Ipes,"  in  order  to  calculate  effectively  the lal  contribution  of  various  sectors  of  the 

Iprest  toward  sustained  yield.  This  has  not 
lien  done  adequately  in  the  past. 

j]  In  this  inventory,  timber  volume  on  those 
8bas  of  the  Sitgreaves  National  Forest  charac- 
trized  by  unstable  landforms,  steep  grades, 
citical  watersheds,  or  unproductive  stony  and 
vifertile  soil  types  will  be  taken  out  of  the  net 
f  ,T.ire  to  be  used  in  the  calculations  that  help 

t,  determine  sustainable  output  and  the  al- 
iWable  cut. 

Further,  the  data  gathered  will  be  used  to 
ealuate  various  management  alternatives  so 
a  to  determine  the  levels  of  timber  output 
a,50ciated  with  different  levels  of  program 
est.  This  is  the  essential  service  that  the  eco- 

nmics  research  personnel  can  perform  —  to 
dicover  the  alternative  uses  of  the  land  and 

then  inform  the  public  of  the  costs  and  bene- 
fits associated  with  each  possible  use  and  pro- 

gram. Although,  theoretically,  it  would  be  de- 
sirable to  investigate  the  infinite  possible  lev- 

els of  management  programs,  this  is  not  feasi- 
ble. The  Sitgreaves  plan  envisions  the  assess- 

ment of  a  practical  range  of  program  levels  of 
development  plans,  insuring  that  analysis  of 
management  alternatives  at  the  margin  is  at 
least  approximated.  A  more  recent  inventory 

plan,**'  just  formalized,  puts  the  case  even 
more  clearly  when  it  states, 

.  .  .  the  object  of  forest  re.source  inventorie.s  is 
to  provide  the  basic  information  about  forest 
land  and  associated  resources  required  to  iden- 

tify and  evaluate  alternatives  of  land  use  and 
management.  This  must  be  done  in  relation  to 
the  overall  goal  ....  [This  plan]  describes,  as 
far  as  possible,  those  variables  that  permit  relat- 

ing or  linking  timber  growing  to  other  use  op- 
portunities so  that  alternatives  of  timber  grow- 

ing can  be  considered  in  relation  to  alternatives 
of  land  use. 

There  are  many  practical  problems  to  be 

solved  in  the  effort  to  achieve  greater  equal- 
ity in  data  gathering  among  the  various  re- 

sources. One  obstacle  is  lack  of  manpower  to 
collect  the  kind  of  interrelated  data  called  for. 

Considering  the  types  of  information  that 
must  be  generated  by  a  team  of  men  in  the 

field  even  in  a  relatively  simple  timber  inven- 
tory plan,  it  is  obvious  that  additional  inputs 

as  to  wildlife,  range,  etc.,  would  become  an 
intolerable  burden  under  existing  limitations 
of  costs  and  training  time. 

A  solution  to  this  problem  is  available, 
however,  and  the  Forest  Service  seems  to  be 

moving  rapidly  toward  it.  Cooperation,  pres- 
ently along  functional  lines,  is  being  sought  in 

the  task  of  setting  up  criteria  for  the  various 
inventories,  so  that  data  can  be  interchanged. 
In  addition,  efforts  are  being  made  toward 

better  coordination  of  data  collection  pro- 
cedures. Such  coordination  is  es.sential  to  de- 
scription of  use  interrelationships. 

In  terms  of  the  FOREST  goal,  the  a|)par- 
ent  optimum  approach  to  inventory  and  data 

collection  is  to  incorporate  the  separate  func- 
tional areas  into  one  comprehensive  manage- 

■  *^ Jerry  T.  Goon,  Leonard  A.  Lindquist,  and 
Tomas  O.  Farrenkopf,  Intermountain  Forest  and 
Enge  Experiment  Station,  1971. 

*"USDA  Forest  Service,  Plan  for  llic  limber  inucn- 
Inry  of  Ihe  Ashley  Nulional  Forest,  prepared  by 
Forest  Survey  Staff,  intermountain  Forest  and  Range 
Experiment  Station,  1972. 



ment  plan.  Increasingly,  "mapping"  tech- 
niques are  being  used  to  consider  all  resource 

uses  simultaneously  and  to  identify  problem 
areas.  The  data  for  the  various  functions  usu- 

ally are  sepairately  mapped  and  then  placed  on 

overlays,  so  that  resource  managers  and  deci- 
sionmakers can  get  a  comprehensive  view  of  a 

particular  area.  A  problem  in  this  approach  is 
that  a  map  prepared  at  considerable  expense 
is  likely  to  become  a  static  record  rather  than 
a  dynamic  decisionmaking  tool.  Changes  such 

as  a  forest  fire  or  a  thinning  operation  are  ex- 

pensive and  difficult  to  incorporate  in  the  pre- 
pared map.  Some  attempts  have  been  made  to 

carry  out  the  mapping  technique  on  digital 
computers,  which  are  capable  of  receiving  and 
adjusting  for  new  inputs  into  the  mapping 

process.  Two  such  systems  currently  in  use 
are  the  Wildland  Resources  Information 

System  (WRIS),  currently  being  tested  on  the 
Stanislaus  National  Forest,  and  Computer 
Mapping  for  Land  Use  Planning  (COMLUP), 
which  is  more  widely  used  in  the  Washington 

Office  project  INFORM.  The  computer  map- 
ping technique  has  much  to  recommend  it, 

and  as  more  research  is  done  in  this  area,  tech- 

nical difficulties  will  be  worked  out.*"* 
Time  and  effort  by  the  agency  will  be  re- 

quired to  incorporate  such  projects  into  its 
management  decisionmaking  process  and  a 

goal-oriented,  FOREST-type  model.  Two 
points  should  be  emphasized  here.  First,  re- 

search efforts  designed  to  improve  the  inven- 
tory process  are  to  be  encouraged.  Second,  fu- 
ture plans  should  include  similar  efforts  to- 
ward increasing  the  fund  of  knowledge  of 

forest  resources  other  than  timber.  The  legis- 
lation calls  for  integration  of  the  various  in- 

ventories, including  watershed,  wildlife,  range, 
and  recreation  into  a  generalized  management 

plan  similar  to  the  FOREST  model.  The  ap- 
proach indicated  by  current  inventory  plans 

should  be  extended  to  cover  the  entire  en- 

vironmental and  ecological  system  of  the  Na- 
tional Forests.  With  adequate  funding  and 

proper  administrative  direction,  such  an  effort 
does  not  appear  to  be  beyond  the  reach  of  the 

'^'^For  a  discussion  of  this  point  in  budget  hear- 
ings, see  U.S.  Congress,  House,  Department  of  In- 
terior and  Related  Agencies  Appropriations  for  1972, 

92d  Congr.,  1st  Sess.,  Hearings,  Part  4,  p.  180. 

Forest  Service  within  the  decade  of  the  seven 

ties.  The  fact  must  be  recognized  that  most  ol 
the  current  inventory  plans  do  not  contair 
adequate  coverage  of  the  interaction  of  wild 

life  on  the  timber-growing  potential  of  th( 
Forest,  for  example.  Such  studies  must  b( 
made  part  and  parcel  of  the  total  managemeni 
effort. 

Controlling  Budget 
Priorities 

The  earlier  discussion  of  budget  problem: 

pointed  out  that  the  required  step  toward  so 
lution  is  to  make  budget  requests  directly  re 
fleet  the  implications  of  the  FOREST  model 
If  budget  requests  are  tied  directly  to  explici 

program  and  project  planning,  the  agency  wil 
be  able  to  support  them  as  actual  needs  t( 
carry  out  the  meundate  of  the  legislation.  Thii 
can  only  be  done  if  the  agency  forthrighth 

adopts  a  goal-oriented,  management  decision 
making  program  and  works  directly  to  im 
prove  its  capability  to  demonstrate  the  cost 
and  consequences  of  alternative  managemen 

programs,  projects,  and  activities.  If  th 

"priority  juggUng"  evident  in  the  budget  dat 
is  to  stop,  the  Congress,  the  Office  of  Manage 
ment  and  Budget,  and  the  Department  o 
Agriculture  must  be  shown  the  reasoning  ht 
hind  the  Forest  Service  budget  requests  an 
the  evidence  to  support  it. 

If  and  when  the  required  goal-oriente : 
management  effort  becomes  a  reality,  the  or 
ly  alterations  in  the  budget  requests  at  th: 
first  two  levels  (Department  of  Agricultui: 
and  Office  of  Management  and  Budgei) 

should  be  in  the  total  size  of  the  budget  pad  • 
age,  as  dictated  by  public  priorities  that  relal ; 
forest  land  management  to  other  governmei  t 
functions.  If  the  higher  level  budget  revie  ( 
bodies  seek  to  alter  priorities  established  t  > 

the  agency,  they  should  use  the  means  avail ; 
ble  to  them  to  secure  changes  in  the  legislatii  ( 
mandate  that  determines  the  budget  requests 

The  Congress,  however,  as  the  r; 
presentative  of  the  public  in  a  democracy,  h  ̂ 

a  slightly  different  role.  In  its  reaction  to  t\* 
new  direction  taken  by  the  Forest  Service,  tl  'i 

Congress  may  recognize  the  goal  orientatici; 
of  the  budget  requests,  yet  still  proceed  to  i  ij 
ter  the  relative  allocation  of  funds  among  tl ' 
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various  FOREST  resources.  This  should  be 

done  only  as  an  indication  that  new  or  differ- 
ent priorities  are  being  established  on  behalf 

of  the  public.  The  Forest  Service  will  then  have 
the  responsibility  of  making  sure  that  the 
public  is  aware  of  the  implication  of  the  shift 
in  priorities,  a  task  the  agency  can  perform 

only  if  it  can  demonstrate  the  specific  con- 
sequences of  the  changes. 

The  previous  conclusion  rests  on  what 

seems  to  be  logical  ground.  It  is,  however,  ad- 
mittedly idealistic  in  that  it  does  not  take  into 

account  the  realities  of  politics.  This  being  so, 

the  agency  is  faced  with  a  more  awesome  re- 
sponsibility. It  must  be  able  to  demonstrate 

:iot  only  the  consequences  of  alterations  in 
:he  priorities  it  has  established  in  the  budget, 
out  also  the  consequences  of  changes  in  levels 
)f  funding.  If  the  agency  budget  request  is 

funded  at  only  the  80-percent  level,  for 
example,  project  relationships  within  program 
areas  will  be  changed. 

If  optimal  programing  is  to  be  achieved, 
;uch  shifts  must  be  recognized  and  pointed 
out  to  those  who  would  alter  the  management 
^ffort  implied  in  the  original  request.  Such 
analysis  must  become  an  integral  part  of  the 

;oal-oriented  decisionmaking  process. 

Tlio  Ec'.oiioniist 
and  the  Dec^Jsion  IVIoclc^l 
In  the  past,  economists  have  attempted  to 

eat  the  problems  of  decisionmaking  in  mul- 
pple  goal  situations.  Each  such  attempt  has 
jegun  with  the  assumption  that  the  ranking 
.mong  goals  was  known  and  clearly  specified, 
iuch  economic  studies,  in  the  absence  of  a 

[efined  goal,  have  been  of  limited  usefulness 

p  the  Forest  Service.  If  a  FOREST-type  de- 
jision  model  is  accepted  throughout  the 
jgency,   this  shortcoming  will  be  eliminated. 

I  In  the  initial  stages  of  such  a  new  manage- 
lent  policy  the  economist  should  prove  help- 
1  in  determining  just  what  initial  weights  are 

be  placed  on  the  FOREST  resources.  To- 

jether  with  the  political  scientist  and  sociol- 
gist,  the  economist  should  be  able  to  achieve 

relatively  good  estimate  of  the  weights  de- 
Ired  by  the  public.  The  estimate  will  not  be 

perfect,  but  it  will  provide  a  starting  point. 

Continued  resem"ch  in  this  area  will  improve 
the  approximation  techniques. 

Economic  analysis  is  not  an  eml  in  itself.  It 
cannot  guarantee  that  proper  decisions  will  be 

made.  Decisionmaking,  particularly  in  the  po- 
litical arena,  is  an  art.  Economic  analysis  will 

serve  to  insure  that  as  the  artist  goes  to  work 

his  palette  will  contain  all  the  necessary  col- 
ors, tints,  and  shades.  The  economist,  it  is 

hoped,  will  force  the  orgjuii/.ation  to  face  up 
to  the  issue  of  stating  its  objectives. 

Economic  analysis  can  serve  three  major 
functions,  each  tending  toward  improvement 

of  the  ability  of  the  Forest  Service  to  demon- 
strate the  costs  and  consequences  of  alter- 
native policies.  It  is  here  that  improvement  is 

most  immediately  needed.  First,  goal  iden- 
tification depends  on  the  degree  of  knowledge 

possessed.  Economic  analysis  can  make  sure 
that  most  of  the  costs  and  benefits  are  ac- 

counted for.  To  some  extent,  the  interrelation- 
ships of  the  resource  uses  of  the  FOREST  can 

be  discerned  through  an  interdiscipliuciry  ap- 
proach. Economic  analysis  can  integrate  that 

knowledge,  especially  by  identifying  pre- 
viously unrepresented  beneficiaries  or  cost 

bearers  ( in  terms  of  the  actual  resources  or  in 

terms  of  specific  public  interests).  The  result 
should  be  more  nearly  correct  assessments  of 

the  value  of  any  particular  {)rogram  or  pro- 

ject. 
Second,  economic  analysis  can  make  clear 

the  trade-offs  represented  by  a  decision  to 

forgo  an  "economic  efficiency"  criterion  in 
favor  of  noncommodity  goals.  Th(>  nation 
may  decide  that  concern  for  the  en- 

vironmental amenities  of  the  forest  should  re- 
sult in  decisions  to  pursue  less  economic 

growth  and  development  in  favor  of  a  b(>tter 
quality  of  life.  If  so,  economic  analysis  will 
help  to  insure  public  awareness  of  how  much 

"economic"  gain  must  be  given  up  to  attain 
its  objective.  The  economic  analysis  may  serve 

also  to  highlight  the  prol-)lems  of  fulfilling  the 
existing  mandate  of  the  Forest  Service.  It  will 

be  useful  in  helping  the  public,  through  its  re- 

presentatives in  Congress,  to  make  such  alter- 
ations in  the  prescribed  objectives  as  will  bet- 

ter meet  the  needs  and  desires  of  the  nation. 

Finally,  implementation  of  a  goal-oriented. 



FOREST-type  model,  together  with  its  im- 
pUed  economic  analysis,  will  force  the  par- 

ticipants in  the  political  decisionmaking  pro- 
cess to  focus  their  discussions  and  debates  on 

the  correct  issues.  It  will  force  the  parti- 
cipants in  current  controversies  to  spell  out 

the  implications  and  consequences  of  alter- 
native courses. 

* * * 

In  the  foregoing  pages  a  highly  rationalistic 

and  analytic  approach  to  goal  setting  and  de- 
cisionmaking  has   been   taken.  The  decision 

model  obviously  is  not  a  panacea.  Efficien 
in  management  depends  on  organizatior 
structure;  the  decisionmaking  process  cann 
be  divorced  from  the  sociological  charact 
istics  of  particular  organizations.  For  t 

Forest  Service,  an  in-depth  organizatior 
study  may  be  a  crucial  step  toward  maki 

possible  the  application  of  any  goal-orient 
model.  Organizational  theory,  based  in  t 

social  sciences,  would  provide  a  useful  p^ 
spective.  We  must  understand  how  the  agen 
perceives  its  goals  if  we  are  to  design  decisic 
making  systems  aimed  at  achieving  those  goa 
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APPENDIX 

NOTE 

The  variance  in  budget  requests  shown  in  the 
following  tables  illustrates  the  point  made  in 

the  text  discussion  of  alterations  in  the  budg- 
et. Such  alterations  in  the  slicing  of  the  budg- 
et pie  come  from  many  sources.  Seldom  is 

the  technical  information  on  which  such 

changes  are  based  made  evident,  so  that  a 

judgment  can  be  made  of  their  consistency 

with  a  goal-oriented  program.  This  is  particu- 
larly evident  in  table  2,  which  compares  Of- 

fice of  Management  and  Budget  requests  for 
1970,  a  budget  year  reflecting  a  change  in  the 
Presidency. 
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ABSTRACT 

stands  of  aspen  on  the  Gros  Ventre  elk  winter  range  of  northwestern 

Wyoming  are  suffering  high  mortality  and  are  not  regenerating  satisfacto- 
rily. If  the  1970  mortality  rate  (3.6  percent)  continues,  about  a  two-thirds 

reduction  in  the  numbers  of  tree-sized  aspen  can  be  expected  by  year 
2000.  Collected  evidence  suggests  that  the  mortality  rate  is  unusually 

high  because  of  a  combination  of  pathogenic  fungi,  injurious  insects,  and 
physiological  stress  that  follow  bark  wounding  of  tree  trunks.  Elk  and 

possibly  moose  are  suspected  of  causing  most  of  these  severe  trunk  in- 

juries. Sooty  bark  canker,  Cytospora  canker,  and  stem-boring  insects 
were  the  most  common  pests  associated  with  tree  mortality.  The  pros- 

pect for  aspen  on  the  elk  winter  rat^e  is  especially  critical  because  of  the 
heavy  impact  of  browsing  and  pests  on  aspen  sprouts  which  prohibits 
natural  replacement  of  the  dying  aspen  overstory. 



INTRODUCTION 

Aspen  {Populus   tremutoides)   provide  beautiful  scenery  and  important  wildlife 

habitat  on  the  Gros  Ventre  elk  winter  range  of  the  Teton  National  Forest  in  north- 
western Wyoming,   Although  aspen  occupies  only  about  4  percent  of  the  winter  range,  the 

type  usually  is  in  a  conspicuous  position  in  the  lower  and  middle  elevations  where  it 
often  forms  transition  zones  between  shrub  rangelands  and  conifer  forests.   Ecological 

'succession  has  not  been  satisfactorily  documented  for  the  Gros  Ventre,  but  the  aspen 
type  of  the  general  area  is  now  mostly  considered  as  being  serai  to  conifers  and  to  have 

been  perpetuated  by  wildfire  (Gruell  1970;  and  Loope  1971).   Fires  of  the  1870' s  and 
1880' s  are  thought  to  have  been  particularly  important  in  shaping  the  current  vegeta- 

tion, but  more  recently  "...fire  protection  has  allowed  many  aspen  stands  to  be  invaded 
by  conifer  species"  (Gruell  1970).   Some  2,000  to  5,000  elk  {Cervus   canadensis  nelsoni) 
are  thought  to  winter  in  the  Gros  Ventre  area.   Supplemental  winter  feed  is  supplied  at 
three  Gros  Ventre  stations,  but  elk  also  feed  on  native  trees,  shrubs,  sedges,  grasses, 

and  forbs.   Heavy  elk  use  of  aspen  has,  for  several  decades,  been  noted  by  the  occur- 

:rence  of  "highlined"  trees  and  browsed  sprouts.-^   Elk  and  also  moose  {Alces  aloes 
shivasi)    apparently  contribute  to  the  conversion  of  aspen  stands  to  conifers  (Beetle 
1968;  and  Gruell  1970).   These  animals  cause  injuries  (fig.  1)  that  presumably  induce 
susceptibility  of  aspen  to  disease  (Loope  1971)  and  they  consume  sprouts  that  might 
iOtherwise  replace  dying  overstory  trees.   In  numerous  stands,  aspen  are  obviously  dying 
at  an  alarming  rate  (fig.  2).   When  conifers  are  absent,  it  appears  that  deteriorating 
aspen  stands  will  retrogress  to  a  treeless  rangeland  type  (fig.  3). 
I 
I     The  study  described  herein  was  initiated  to  provide  an  up-to-date  prediction  of 
the  future  of  aspen  in  the  Gros  Ventre  area.   Emphasis  was  placed  on  determining  the 
rate  of  mortality  of  the  aspen  overstory,  its  causes,  and  the  likelihood  of  overstory 
replacement  by  natural  sprouting.   Hopefully,  these  findings  will  inform  resource 
managers  about  the  severity  of  the  aspen  deterioration  problem  so  that  they  might  better 
determine  whether  modifications  in  current  management  might  be  necessary  to  maintain 
the  pleasing  diversity  of  forest  types  now  present  in  the  Gros  Ventre. 

li      Inspection  reports  of  Teton  National  Forest  as  relayed  by  George  E.  Gruell, 
Wildlife  Biologist,  Teton  NF,  Jackson,  Wyoming. 



Figure  1. — Excessive  game  use  of  aspen  is  especially  evident  in  close  proximity  to  ell 
feedgrounds  where  trees  have  suffered  severe  bark  damage  and  sprouts  are 
browsed  down  to  the  snow   level. 
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Figure  2. — Late  stages  of  aspen  deterioration  in  a  stand  south  of  Upper  Slide  Lake. 
Areas  such  as  this  are  currently  changing  from  an  aspen  type   to  a  grass-forb 
parkland  with  scattered  conifers.      Many  other  deteriorating  stands  succeed  more 
rapidly  toward  a  conifer  type^   but  some  culminate  in  shrub ^   grass,   and  forb 
communities . 
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METHODS 

The  84,000  acres  of  the  middle  Gros  Ventre  drainage  selected  for  this  study  con- 
tained most  of  the  aspen  stands  influenced  by  wintering  elk  (fig.  4).   Within  this  arec 

100  sample  plots  were  located  by  a  method  in  which  one  plot  occurred  at  random  within 
each  33.3  acres  of  the  3,330  acres  of  aspen  type  delineated  on  the  Forest  Service  1956 

Timber  Type  Map.   Each  plot  was  circular  and  1/20  acre  in  size.   Aspen  ages  were 

estimated  by  increment  cores  extracted  at  the  10-inch  height  from  two  trees  containing 
wood  sound  enough  for  ring  analysis  and  located  nearest  the  plot  centers.   Ring  counts 

were  made  in  the  laboratory  with  the  aid  of  the  acid-phloroglucinol  staining  technique 
of  Patterson  (1959).   All  aspen  trees  (individual  stems  taller  than  10  feet)  within 

plots  were  tallied  by  6-inch  d.b.h.  size  classes  and  condition  classes:  i.e.,  live, 
died  in  the  current  season,  or  died  before  the  current  season.   Trees  were  assigned  to 
current  year  mortality  if  unweathered  dead  leaves  still  remained  in  the  crown.   Dead 

trees  that  had  fallen  to  the  ground  were  not  included  in  the  sample  unless  they  were 
windfall  of  the  current  season. 

Sampling  began  in  August  1970  and  was  completed  in  September,  before  fall  colora- 
tion.  This  short  time  span  insured  a  fairly  comparable  estimation  of  current  mortalit; 

on  all  plots.   Special  efforts  were  made  to  record  indicators  that  might  suggest  the 
cause  of  mortality  in  both  classes  of  dead  trees  and  the  presence  of  injury  or  disease 
on  all  trees.   Aspen  sprouts  within  the  plots  were  tallied,  their  heights  determined, 
and  any  evidence  of  injury  from  browsing,  insects,  or  diseases  was  recorded.  The 

presence  and  ground  coverage  provided  by  young  conifers,  conspicuous  shrubs,  grasses, 
and  forbs  were  also  noted  since  understory  vegetation  can  provide  clues  as  to  the 
degree  of  inherent  stand  stability  and  disturbance. 



/<•■■•
"'■ 

•'*»-. 

o^  -i). 
SCALE        OF        MILES 

ELK    FEEDING 
STATIONS 

ASPEN 

I      i^-'Yel  low  stone 
National  Park 

,  STUDY  AREA 

WYOMING 

  £>     )  -'•• 

Figure   4. — Boundaries  of  the  Gros   Ventre   study  area,    Teton  National  Forest,    Teton 
County,    Wyoming. 



RESULTS 

Age  of  Overstory  Trees 
As  determined  by  ring  counts,  the  trees  sampled  in  the  Gros  Ventre  were  relatively 

old;  none  were  less  than  40  years  of  age,  and  the  majority  were  between  81  and  120  year: 
The  following  tabulation  shows  the  age  distribution  of  sample  trees: 

Age  glass  Frequenay 
Years  Vevcent 

<40  0 
41-80  21 
81-120  71 
121-160  6 
>160  2 

Mortality  of  Overstory  Trees 

The  combined  sample  from  all  plots  totaled  2,332  live  trees  and  1,684  dead  trees, 
of  which  86  had  apparently  died  during  the  1970  season.   These  data  are  transformed  to 

a  per-acre  basis  (mean  number  of  trees  per  acre)  and  presented  in  greater  detail  in  the 
following  tabulation: 

Size  class  J   in.    d.h.h. 

0.1-  6.0 
6.1-12.0 

12.1-18.0 

Combined  466.4  336.8  17.2 

Live  trees Dead  trees Died  in  1970 

196.6 290.6 11.2 
258.8 44.6 

5.8 11.0 
1.6 

.2 



Wind  breakage,  sooty  bark  canker,  and  "barking"  complemented  by  weak  parasites  and 
stem-boring  insects  accounted  for  most  of  the  aspen  mortality  on  the  sample  plots,  as 
shown  in  the  following  tabulation: 

Size  class 
in.    d.h.h. Wind  breakage 

Percent 
Sootij  bark  canker 

Percent 

"Barking,  "  weak 

parasites,   pests,    etc. 
Percent 

0.1-6.0 
6.1-12.0 

12.1-18.0 

1 
8 

25 

28 73 
75 

71 

19 
n 

Combined 35 63 

Death  resulting  from  wind  breakage  or  windfall  was  infrequent  in  small  trees  but 
rather  common  in  the  larger  tree  classes. 
Cenangiwn  singulare,    cause  of  sooty  bark  canker,  was  the  single  most  injurious  pathogen 
found  on  dead  trees  (fig.  5),  and  it  too  was  especially  prevalent  in  the  larger  tree 
classes.   The  third  group  was  composed  of  trees  that  seemed  to  have  died  from  a  mixture 
of  the  following:   bark  wounding  by  elk  or  moose;  infestation  by  stem-boring  insects 
(probably  species  of  Agrilus)    (fig.  6);  infection  by  bark  fungi  (including  Cytospora 
sp.);  suppression;  and  occasionally,  sunscald.   Mortality  caused  by  this  mixed  category 
was  especially  prom.inent  among  the  smaller  trees. 

Figure   5. — Sooty  bark  canker, 
caused  by   the  fungus   Cenangium 

singulare  in  game-wounded  por- 
tion of  the  aspen   trunk  on   the 

left.      The   tree  on   the  right 
was  also  scarred  by  game,   but 
otherwise  has  remained  healthy. 
Note  the  advanced  degree  of 
stand  deterioration  and  the 

absence  of  visible  sprouts. 

I  c§M^^f 

.  ;^f^.  *  - .  '^^  _^  ■;.  .  \^^y.\ 
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Figure  6. — Galleries  of 
stem-boring  insects, 
presumably   Agrilus  sp., 
in  Gombial  zone  as  seen 
when  dead  bark  is 

stripped  from  aspen 
trunk. 

Aspen  Sprouts 
Even  though  generally  hidden  by  grasses,  forbs,  and  shrubs  (fig.  7),  aspen  sprouts 

were  found  in  96  of  the  100  plots.   Expanded  to  a  per-acre  basis  and  expressed  at  the 
0.05  confidence  interval,  the  mean  number  of  aspen  sprouts  ranges  from  463  to  843  per 
acre,  but  20  plots  had  less  than  100  aspen  sprouts  per  acre.   Sprouts  of  84  plots 
showed  indications  of  having  been  browsed  down  annually  to  less  than  2  feet  in  height. 
Sprouts  survived  and  grew  beyond  a  height  of  3  feet  in  only  three  plots. 

Miscellaneous  Information  on  Injury,  Pathogens,  and  Insects 
Although  diagnosis  of  mortality  was  emphasized  during  field  evaluation  of  plots, 

the  more  obvious  injuries,  pathogens,  and  insects  were  noted  and  recorded.   The 
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Figure   7. — Aspen  sprout 
browsed  off  to  about  14 
inches  high.      There  were 
an  average  of  653  sprouts 
per  acre  on  sample  plots, 
but  most  were  overtopped 
by  forbs  as  is   shown   in 
this  photo.      Although 
aspen  sprouts  were 
present  on  96  plots, 
they  were  aatually 
replacing  dying   trees 
on  only   three  plots; 
all  other  aspen  sprouts 
were  held  in  aheok  by 
browsing  and  pest 
damaqe. 

incidence  of  disease  and  insect  problems  in  stems  expressed  as  a  percentage  of  the 

aspen  tree  sample  (n=4,016)  is  sho\vn  in  the  following  tabulation: 

Problem 

Bark  wounds 

Stem-boring  insects 
Cytospora  canker 
Sooty  bark  canker 

Cryptosphaeria  canker 
Heartrot 

Ceratocystis  canker 
Rough  stem  galls 
Roundheaded  borer  galls 
Buttrot 

do. 

Plot 

Causal  organism incidence 

Big  game  and  rodents 
90.  n 

Agrilus   spp.*^ 
27.0 

Cytospora  chrysosperma 25.  0 
Cenangium  singulare 14.7 
Cryptosphaeria  populina 

2.0 
Fomes   igniarius 1.2 
Ceratocystis  fimbriata 

.6 
Diplodia  tumefaciens'^ .3 
Saperda   sp. ^ 

2 

Fomes  applanatus .1 

Pholiota  squarrosa .1 

■Identified  by  symptoms  only. 



The  incidence  of  diseases  and  insects  in  aspen  foliage  in  1970  expressed  in  terms 

of  presence  in  all  plots  (n-100)  is  sho\^m  in  the  following  tabulation: 

Plot 

Problem  Causal  organism  inoidence 

Aspen  leaf  miner  Phylloonistis  populiella  53 
Aspen  leaf  blight  Marssonina  populi  13 
Aspen  shoot  blight  Pollaocia  radiosa  8 

Inasmuch  as  only  the  more  obvious  injuries  and  pests  were  recorded,  the  frequency 

and  various  types  of  tree  damage  problems  probably  are  underestimated  in  these  tabula- 
tions.  For  example,  conks  (used  to  indicate  incidence  of  heart  and  buttrot)  were  eviden 

on  less  than  2  percent  of  the  trees  sampled,  but  heartrot  was  present  in  33  percent  of 
the  increment  cores  examined  for  age  data.   Furthermore,  some  types  of  aspen  damage  in 
the  Gros  Ventre  were  not  included  because  they  occurred  outside  the  100  sample  plots. 
For  example,  beaver  {Castor  canadensis)   had  damaged  trees  immediately  adjacent  to  one 
plot  but  there  was  no  beaver  damage  in  any  of  the  plots. 

Many  of  the  problems  listed  in  the  tabulations  on  pages  9  and  10  are  combined  in 
the  mortality  figures  shown  in  the  tabulation  on  page  7.   For  instance,  Fomes   applanatus 
had  rotted  the  roots  of  at  least  three  trees  that  succumbed  to  windfall.   Likewise, 

heartrot  was  present  in  many  other  trees  that  were  included  in  "wind  breakage,"  and  at 
least  one  tree  broke  off  at  a  Ceratocystis  canker. 

In  addition  to  the  direct  effects  of  bark  injury  caused  by  game  and  rodents,  it 
was  also  noted  that  90  percent  of  the  sooty  bark  cankers  occurred  in  the  lower  part  of 
trees  where  the  trunks  had  been  scarred  by  animals.   Elk  were  responsible  for  most  of 
these  bark  scars,  but  moose,  mice,  and  hares  also  contributed. 

Of  the  foliage  pests,  shoot  blight  was  limited  to  sprouts,  but  leaf  blight  and 
the  aspen  leaf  miner  occurred  both  on  sprouts  and  on  overstory  leaves.   Aspen  leaf 
hoppers  were  rare,  but  occurred  on  sprouts  in  at  least  one  plot. 

Associated  Understory  Vegetation 

The  mean  understory  vegetation  was  composed  of  about  49  percent  forbs ,  36  percent 
grasses  and  occasional  sedges,  12  percent  shrubs,  and  3  percent  conifer  saplings.   Each 
of  these  groups  contained  a  diversity  of  species.   The  frequency  of  occurrence  of  the 
more  conspicuous  trees,  shrubs,  and  forbs  are  presented  in  table  1.   Grasses  and  sedges 
were  not  identified  except  for  pinegrass  {Calamagrostis  rubesaens) ,   which  on  an  average 
occupied  66  percent  of  the  ground  cover  in  the  eight  plots  in  which  it  occurred. 
Although  forbs  were  present  in  all  plots  and  grasses  or  sedges  were  found  in  all  but 
one  plot,  shrubs  were  absent  from  10  plots  and  conifer  saplings  were  missing  in  27  plots 
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DISCUSSION  AND  CONCLUSION 

Since  aspen  generally  are  known  to  be  short-lived  trees  (Strothmann  and  Zasada 
1957),  it  is  natural  that  some  aspen  stands  are  becoming  decadent  in  the  Gros  Ventre. 
Meinecke  (1929)  noted  for  nearby  Utah  that  senility  occurs  with  aspen  at  about  120 

years  of  age  and  that  the  "wild  aspen  forest  as  a  whole  does  not  reach  much  beyond 
130  years."   If  this  is  true  for  the  Gros  Ventre,  we  can  expect  a  marked  change  in 
much  of  the  aspen  type  within  the  next  few  decades  since  about  two-thirds  of  the 
sampled  trees  are  already  in  the  81-  to  120-year  age  class.   Furthermore,  a  drastic 
decline  in  the  aspen  type  is  eminent  if  game  browsing  continues  to  prohibit  replacemen 
of  dying  overstory  trees  and  if  exclusion  of  fire  continues  to  allow  invasion  by 
conifers. 

Even  if  the  aspen  senility  and  decadence  situations  of  Utah  do  not  apply  directly 
to  the  study  area,  the  Gros  Ventre  mortality  data  (see  page  6,  second  tabulation) 
provide  a  dismal  view.   Using  those  data  we  can  estimate  that  in  1970  there  were 
approximately  1,500,000  aspen  trees  in  the  3,330  acres  of  aspen  type  in  the  Gros  Ventn 
sample  area.   If  the  3.6  percent  mortality  rate  of  1970  remains  stable  in  the  future, 
aspen  would  decline  to  about  500,000  trees  by  year  2000,  and  to  only  40,000  by  year 

2070.   Although  the  3.6  percent  rate  was  a  fair  estimate^  based  on  the  criteria  used 
to  estimate  current  year  mortality,  it  probably  was  conservative  since  it  could  not 
have  included  trees  which  died  in  1970  during  winter  dormancy.   Certainly,  these  data 

indicate  that  unless  there  is  replacement  of  overstory  trees,  the  aspen  overstory  is 
due  for  a  marked  decline. 

Although  few  comparative  data  are  available,  aspen  mortality  appears  to  be  somewh; 
greater  on  the  Gros  Ventre  than  in  other  aspen  areas.   For  instance,  Hinds  (1964)  foum 
that  only  9  percent  of  the  standing  trees  were  dead  in  sample  plots  scattered  over  a 
wide  area  of  Colorado,  whereas  almost  42  percent  m  the  Gros  Ventre  sample  were  dead. 
Assuming  that  most  aspen  trees  remain  standing  for  about  10  years  after  death  (which 
approximates  the  measured  1970  Gros  Ventre  mortality  rate),  there  appears  to  be  less 

^The  confidence  interval  at  the  0.05  level  was  only  2.6  to  4.6  percent  as  deter- 
mined from  a  standard  error  computed  as  described  by  Freese  (1962)  for  attributes  from 

unequal-sized  clusters. 
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than  1  percent  annual  mortality  in  Colorado  as  compared  to  the  3.6  percent  rate  in  the 
Gros  Ventre.   Furthermore,  the  Gros  Ventre  rate  is  perhaps  two  to  four  times  greater 
than  reported  recently  by  Manion  and  Valentine  (1971)  in  New  York.   Also,  in  Ephraim 

Canyon  of  central  Utah,  Dr.  K.  T.  Harper**  found  about  2.7  percent  annual  mortality  in 
a  sample  of  2,091  aspen  larger  than  4  inches  d.b.h.   Harper's  technique  involved  reexam- 

ination in  1970  of  trees  originally  examined  and  tagged  as  being  dead  in  1969.   Wlien 

examining  Harper's  sample  trees  in  autumn  of  1970,  we  found  that  many  would  not  have 
been  tallied  as  1970  mortality  by  the  criterion  used  in  the  Gros  Ventre  study;  these 

were  trees  that  had  not  maintained  dead  leaves  and  were  assumed  to  have  succumbed  during 

the  1969-1970  dormant  season.   From  this  we  conclude  that  the  3.6  percent  annual  mor- 
tality measured  in  the  Gros  Ventre  probably  is  an  underestimate  of  actual  mortality. 

In  the  Gros  Ventre,  it  appears  that  increased  mortality  has  been  caused  by  big  game 

"barking"  combined  with  pathogens  and  injurious  insects  that  invade  the  wounded  trees. 
Most  of  the  1,061  trees  included  in  the  "Barking,  weak  parasites,  nests,  etc."  category 
of  the  tabulation  on  page  7  had  scars  resulting  from  big  game  chewing  and  some  had  been 

completely  girdled.   "Barking"  damage  was  most  injurious  to  the  smaller  trees;  this 
partially  accounts  for  the  especially  high  rate  of  mortality  in  the  0-  to  6-inch  class. 
Probably  though,  the  higher  mortality  in  smaller  trees  was  caused  mostly  by  partial 

suppression  which  reduced  their  resistance  to  weak  pathogens  and  stem-boring  insects  that 

characteristically  follow  "barking."  Cytospova  chrysosperma   probably  is  a  primary 
contributer  to  the  demise  of  such  trees.   Tliis  fungus  was  thought  to  be  a  major  factor 
in  the  aspen  dieback  associated  with  similar  elk  wounding  of  trees  in  Rocky  Mountain 

National  Park  (Packard  1942),  and  "...it  is  generally  considered  a  weak  parasite  on 
declining  or  dying  trees"  (Hinds  1964).   Although  encountered  infrequently,  Crypto- 
\sphaevia  populina   seemed  to  replace  Cytospora  as  an  invader  of  wounded  bark  in  the 
dead  aspen  trees  encountered  in  some  of  the  Gros  Ventre  plots.   It  is  not  known  whether 
this  fungus  is  parasitic  on  aspen,  but  these  observations  suggest  that  it  may  be  a  weak 
parasite  on  this  species  and  similar  in  aggressiveness  to  Cytospora. 

j     The  sooty  bark  fungus  (CenangiiMV  singulare)    is  an  aggressive  pathogen  that  can 
enter  wounded  tissues  and  girdle  and  kill  aspen  trees  within  2  to  4  years  (Hinds  1962). 

In  the  Gros  Ventre,  this  fungus  appears  to  be  frequently  aided  by  Agrilus   beetles. 
Although  Hinds  (1964)  found  that  elk  wounds  on  aspen  in  Colorado  seldom  served  as 
entrance  points  for  canker  organisms,  the  sooty  bark  fungus  in  the  Gros  Ventre  was  more 

frequently  associated  with  big  game  wounds  than  would  be  expected  by  mere  coincidence. 
Perhaps  this  results  from  more  severe  wounding  in  the  Gros  Ventre,  or  possibly  wounding 
occurs  at  a  more  favorable  time  for  fungus  infection.   In  this  respect,  it  should  not 

|ibe  overlooked  that  moose  are  abundant  in  the  Gros  Ventre  and  might  be  "barking"  some 
aspen  trees  during  the  growing  season.   In  this  study,  a  few  fresh  "barking"  wounds 
were  found  in  late  September  (fig.  8)  in  an  area  where  only  moose  sign  was  fresh.   In 
contrast,  other  observations  in  the  Gros  Ventre  sample  area  suggest  that  most  of  the 

elk  "barking"  occurs  in  winter  between  December  and  May. 

Harmful  fungi  and  insects  were  not  particularly  severe  on  aspen  foliage  during 
1970,  but  it  is  suspected  that  in  years  when  they  are  epidemic  they  might  complement 
the  aggressiveness  of  other  pathogens,  or  as  Mielke  (1957)  suggested  for  Marssonina, 
some  aspens  might  even  die  from  heavy  attacks.   In  spite  of  the  appeal  of  this  logic 
the  Gros  Ventre  data  failed  to  support  a  role  by  Marssonina   in  aspen  mortality;  the  13 
plots  showing  leaf  blight  had  similar  mean  numbers  of  live  and  dead  trees  (20.5  and 

14.8,  respectively)  as  did  plots  without  Marssonina    (23.7  and  17.1,  respectively).   The 
hypothesis  might  better  be  tested  during  and  after  epidemic  conditions. 

'^Personal  communication,  Dr.  K.  T.  Harper,  University  of  Utah,  Salt  Lake  City, 
based  on  research  while  employed  by  Intermountain  Station. 
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Figure  8. — Big  game  soars 
on  a  Q-inah-diameter 
aspen  trunk.      The  fresh 
toothmarks  near  the 

center  and  lower  right 

of  this   late-svuwner 
photo  are  suspected  to 
have  been  made  by  a 
moose.      The  scar  on  the 

upper  left  likely  was 
from  elk  chewing  of  the 
previous  winter  and 
that  on  the  right  from 

elk  a  year  eaj'tier. 

Unfortunately,  mortality  tends  to  open  the  crown  canopy  which  can  initiate  a  chain 
of  events  that  result  in  rapid  stand  deterioration.   Graham,  Harrison,  and  Westell 

(1963)  noted  that  deterioration  following  the  opening  of  aspen  crown  canopies  can  some- 

times render  "...within  a  5-  or  10-year  period  a  valuable  stand. . .to  a  worthless 
condition."  Presumably,  increased  exposure  to  sunlight  and  associated  sunscald  that 
results  from  opening  the  canopy  increases  the  susceptibility  of  remaining  trees  to  harm- 

ful insects  and  diseases.   This  is  an  alarming  hypothesis  for  the  Gros  Ventre  elk  wintei 

range  where  most  stands  of  aspen  are  already  in  at  least  the  early  stages  of  deteriora- 
tion.  It  also  seems  reasonable  to  suspect,  as  Beetle  (1968)  suggested,  that  remaining 

trees  become  more  "vulnerable  to  wind"  as  stands  are  opened  up  through  overstory 
mortality. 

It  should  not  be  overlooked  that  some  mortality  in  a  relatively  dense  aspen  over- 
story  might  improve  wildlife  habitat  by  increasing  forage  production  in  the  understory. 
Concerning  the  Coconino  National  Forest,  Reynolds  (1969)  reported  that  thinning  aspen 
from  229  sq.ft.  basal  area  per  acre  to  42  sq.ft.  per  acre  significantly  increased  the 
production  of  forbs ,  perennial  grasses,  and  aspen  sprouts.   In  the  Gros  Ventre,  live 
aspens  averaged  only  about  138  sq.ft.  per  acre  in  the  1970  plots,  but  16  percent  of  the 
plots  had  less  than  half  that  amount.   Natural  mortality  seldom  resulted  in  fallen  trees 
in  numbers  sufficient  to  create  barriers  to  animal  movement  such  as  Reynolds  had  noted 
and  it  is  assumed  that  increased  forage  is  readily  available  to  big  game. 
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In  most  Gros  Ventre  plots  there  were  numerous  aspen  sprouts  (X  =  653  per  acre), 
but  far  too  few  escaped  browsing  and  pests  for  successful  replacement  of  overstory 
mortality.   In  fact,  replacement  was  occurring  on  only  three  of  the  100  sample  plots. 
Insects  and  diseases  were  injurious  to  sprouts  in  addition  to  the  detrimental  effect  of 
browsing  by  elk,  moose,  deer,  cattle,  and  rodents.   Tlie  aspen  leaf  miner  was  prevalent 
and  Marssonina   leaf  blight  and  leaf  hoppers  were  observed.   On  some  of  tlie  wetter  sites, 

Pollaccia   shoot  blight  was  devastating.   Sprouts  that  were  stripped  of  leaves  by  moose 

late  in  the  growing  season  were  particularly  sensitive  to  frost  injury,  which  may  par- 
tially account  for  the  severe  impact  of  browsing. 

A  study  of  the  associated  vegetation  in  the  aspen  sample  plots  reinforces  the 

conclusion  that  much  of  the  Gros  Ventre  aspen  is  changing.   Of  the  100  sample  plots, 
only  13  plots  showed  a  species  composition  that  was  essentially  identical  to  the  stable 

Populiis   tremuloides-Si/mphoriaarpos   oreophilus   habitat  type  described  by  Reed  (1971). 
Nevertheless,  there  is  some  encouragement  from  these  13  plots  because  their  1970  mor- 

tality rate  was  only  about  two-thirds  of  that  in  the  remaining  87  plots.   Also,  these 

plots  contained  a  greater  proportion  of  trees  in  the  smallest  size  class,  in  which  mor- 
tality was  only  about  one-third  that  of  the  remaining  87  plots.   This  supports  general 

observations  suggesting  that  some  stands  of  aspen  will  persist  much  longer  than  others. 

Forty-seven  of  the  100  plots  had  spruce  or  fir  saplings  in  their  understory;  this,  and 
the  abundance  of  plants  such  as  buffaloberry  (Shepherdia  canadensis) ,    indicate  that 
perhaps  half  of  the  aspen  in  the  Gros  Ventre  occupy  sites  that  are  somewhat  like  the 

Abies   lasiocarpa-Pyrola  secunda   habitat  type  of  Reed  (1969).   It  could  also  be  argued, 
however,  that  the  occurrence  of  plants  such  as  pinegrass,  balsamroot  (Balsamorhiza 
sagittata) ,   and  sagebrush  {Artemisia  tridentata) ,  along  with  the  presence  of  conifer 
saplings  in  73  plots,  is  indicative  of  a  state  of  browsing  disclimax  (in  the  sense  of 
Beetle  1968)   in  otherwise  stable  aspen.   In  either  case,  it  is  evident  that  if  the 

current  trends  continue,  perhaps  one-half  to  three-fourths  of  the  area  now  in  aspen 
will  succeed  to  conifers.   Some  of  the  remaining  will  go  to  shrub,  grass,  and  forb 
communities,  and  at  best,  only  a  token  amount  will  remain  as  a  dominant  aspen  type. 

The  high  rate  of  mortality  in  the  aspen  overstory  on  the  Gros  Ventre  elk  winter 

range  appears  to  be  caused  mostly  by  a  mixture  of  pathogenic  fungi  and  insects  which 
invade  trees  wounded  by  big  game.   The  situation  is  critical  because  the  combination  of 
heavy  browsing  and  pests  prevents  aspen  sprouts  from  replacing  dead  trees.   If  current 
trends  continue,  most  of  the  aspen  type  will  ultimately  be  eliminated  from  the  Gros 
Ventre  winter  range.   Additional  data  about  the  potential  for  regenerating  these  aspen 
stands  are  needed  before  an  aggressive  and  intensive  management  program  can  be  initiated 
to  preserve  both  the  aspen  type  and  the  big  game  herds. 
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ABSTRACT 

In  a  community  of  widely  spaced  perennials,  mostly  shrubs,  in  the 
cold  desert  of  western  Utah,  total  accumulated  organic  mass  (excluding 

the  small  amount  of  humus)  is  about  1,770  g./m.^  .  Of  this  total,  240  g. 
are  above  the  ground  and  1,530  g.  below.  Of  the  latter,  295  g.  is  under- 

ground litter.  About  half  of  the  1,  235  g.  of  roots  are  in  the  surface  30  cm. 
of  the  soil,  about  0.  3  of  them  in  the  second  30  cm.  ,  0. 15  in  the  third,  0.  03 

in  the  fourth,  and  0.01  of  them  occur  below  120  cm.  to  about  135  cm. 

Coarse  roots  C>2  mm.  in  diameter)  are  found  only  in  the  immediate  vicin- 

ity of  plants  and  are  unimportant  below  the  15-cm.  depth.  Fine  (<0.5  mm. 
in  diameter)  and  medium  size  roots  have  a  much  more  even  horizontal 
distribution  at  all  depths.  A  gross  estimate  of  net  primary  productivity 

for  this  desert  site  (average  annual  precipitation  =  154  mm.)  is  258  g./ 
m.  ,  28  g.  above  the  ground  (probably  a  good  estimate)  and  230  g.  below 
the  ground  (a  calculation  based  on  some  necessary  assumptions). 



INTRODUCTION 

The  growing  interest  in  dxTiamic  community  ecology  over  the  past  20  or  so  years  has 
provided  an  increasing  volume  of  data  on  the  productivity,  accumulation,  and  turnover 
rates  of  organic  matter  for  a  number  of  terrestrial  ecosystems.   Although  methods  of 
study  vary  and  most  reports  give  only  gross  estimates  of  the  parameters,  the  values 

reported  are  of  such  relative  magnitude  for  each  ecosystem  that  they  fall  rather  consist- 
ently into  a  rational  global  pattern  (Rodin  and  Basilevicli  1968).   Most  of  the  available 

information  on  Temperate  Zone  deserts  is  from  Central  Asia.   In  North  America,  Chew  and 
Chew  (1965)  studied  the  productivity  of  a  warm  desert  in  southeastern  Arizona,  but  their 
data  on  accumulated  organic  matter  are  incomplete,  except  for  that  of  one  species. 
Pearson  (1965)  gives  estimates  of  biomass  above  and  below  the  ground  in  his  study  of 

productivity  of  a  cold  semidesert  steppe  in  eastern  Idaho.   In  an  investigation  of  nitro- 
gen cycling,  Bjerregaard  (1971)  determined  the  biomass  of  two  salt-desert  shrub  communi- 

ties in  northern  Utah. 

Because  of  sampling  problems,  the  underground  portion  is  the  least  known  part  of 
terrestrial  ecosystems,  especially  in  communities  of  woody  perennials,  vs^here  much  of 
the  plant  material  is  contained  in  coarse  roots  concentrated  in  small  areas  near  trees 
or  shrubs.   We  present  here  data  obtained  from  a  study  made  with  another  objective  (soil 
moisture  movement)  in  mind,  and  use  them  to  show  the  amount  of  accumulated  biomass 

(including  dead  material),  and  its  three-dimensional  distribution  in  a  cold  desert  shrub 
community  in  the  eastern  part  of  the  Great  Basin.   Earlier  studies  of  the  response  of 
vegetation  to  grazing  were  conducted  in  the  same  area;  the  productivity  data  from  these 

'studies,  in  conjunction  with  our  data,  enable  us  to  estimate  a  turnover  rate  for  organic 
material  on  this  site. 

The  mass  of  accumulated  organic  matter  is  at  its  annual  minimum  at  the  end  of  win- 
ter, just  as  the  growing  season  starts.   Because  this  is  a  desert  of  woody  perennial 

'plants,  where  the  minimum  of  organic  matter  reserve  is  several  times  greater  tlian  the 
annual  increment  and  the  breakdown  of  litter  is  slow,  the  magnitude  of  the  minimum 

probably  varies  little  from  year  to  year.   Although  the  annual  increment  docs  vary 
considerably,  being  dependent  upon  a  variable  annual  precipitation  (iiutchings  and 
Stewart  1953),  the  rate  of  decomposition,  which  is  also  dependent  on  moisture,  varies 
similarly.   From  the  known  history  of  the  study  area,  we  assume  it  to  he  near  a  steady 
state  of  productivity  and  decay. 



THE  STUDY  AREA 

The  study  site  is  on  the  lower  part  of  a  stable  and  ancient,  gently  sloping  (2  p€ 
cent)  alluvial  fan,  0.4  km.  from  the  headquarters  of  the  Desert  Experimental  Range  in 
southwestern  Millard  County,  Utah.   Elevation  is  1,600  m. 

The  area  has  not  been  grazed  by  domestic  animals  since  1934,  and  it  is  thought  th 
livestock  use  prior  to  that  time  did  not  materially  change  the  natural  composition  of 
the  plant  cover.   The  period  of  exclusion  of  livestock  now  exceeds  the  average  lifespa 
of  all  perennial  grasses  and  shrubs  of  the  cover  type,  except  possibly  Eurotia  lanata. 

The  largest  native  herbivores  are  jackrabbits,  which  are  rare  in  this  habitat. 
The  most  abundant  mammals  are  kangaroo  rats  and  pocket  mice,  both  primarily  seed  eater 
and  deer  mice,  which  are  more  omnivorous.  Pocket  gophers  are  present  but  infrequent. 
Mammalian  herbivores  probably  consume  no  more  than  1  or  2  percent  of  the  plant  growth. 
Small  omnivorous  birds  are  in  the  area  yearlong,  but  they  are  not  abundant.  Invertebr 
consumers  of  live  vegetation  are  mostly  found  in  the  roots.  Termites  are  occasionally 
found  in  woody  litter.   Ants  are  rare. 

Winters  are  cold  (average  temperature  for  January  is  -3.5°  C.)  and  summers  are 
warm  (average  temperature  for  July  is  23.3°  C).   Precipitation,  which  averages  154 
mm.  annually,  is  sporadic,  and  intervals  of  1 ,  2,  or  more  months  without  rainfall  can 
occur  at  any  season.   Early  spring  is  the  only  season  in  which  soil  moisture  is  consis 
ently  adequate  year  after  year  for  some  plant  growth.   The  accumulated  v/inter  moisture 
usually  wets  the  soil  to  a  depth  of  at  least  25  cm.;  occasionally  it  penetrates  to  tw; 
and,  rarely,  to  three  times  that  depth  or  deeper   More  than  half  the  moisture  from 
summer  rains  is  retained  near  the  surface,  where  it  evaporates  quickly.   However,  in 
most  years,  storms  at  one  or  two  times  during  the  growing  season  put  moisture  to  deptl 
favorable  for  renewal  of  plant  growth.   In  1965,  the  wettest  summer  on  record  (38  yea: 

the  dry  soil  was  recharged  five  times,  to  depths  of  38,  15,  18,  38,  and  23  cm..  (Brewsi 
1968) .   In  a  typical  year,  the  soil  is  dry  most  of  the  time  after  the  short  period  of 
spring  moisture.  The  water  table  lies  145  m.  below  the  ground  surface. 



The  soil,  a  Typic  Calciorthid,  is  sandy  loam  overlain  hy  a  thin  pavement  of  fine 

and  medium  gravels.   A  weak  felt  of  filamentous  algae,  scarcely  detectable  to  the  un- 

aided eye,  occupies  the  soil  surface  between  the  gravels  to  a  depth  of  about  2  mm.   (i'his 
element's  contribution  to  total  organic  mass  is  minor  and  is  not  included  in  tliis 
study.)  The  top  soil  horizon,  0  to  7  cm.,  has  a  fine-platy,  somewhat  vesicular  structure. 
Below  this,  to  30  or  40  cm.  (wavy,  abrupt  lower  boundary],  the  soil  is  without  structure, 

loose,  and  single-grained.   Both  of  these  horizons  contain  a  few  fine  and  medium  gravels. 

jThey  have  a  bulk  density  of  1.35  g./cm.^.   Their  light  color  is  evidence  of  little  humus 
accumulation.   Immediately  below  is  a  strongly  developed  white  calcic  horizon,  hard  where 
iparticles  are  fine,  more  fragile  where  they  are  clean,  coarse  sand.   This  horizon  extends 
I  to  an  irregular  lower  boundary  75  to  115  cm.  below  the  surface.   Its  texture  varies 
;considerably  over  short  distances.   The  original  stratification  of  the  alluvium  is 

jobvious.   Most  strata  are  comprised  of  sands  and  finer  particles;  some  have  high  percen- 
jtages  of  medium  or  coarse  gravels  embedded  in  the  finer  material.   Noncemented  lenses  of 
isorted  coarse  sand  or  fine  gravel  occur  irregularly.   Textural  and  structural  heteroge- 

neity have  resulted  in  irregular  distribution  of  roots  in  this  horizon.   Roots  can  be 
absent  from  hard  and  massive  portions,  but  abundant  in  the  loose  sand  lenses  or 
immediately  beneath  some  of  the  larger  gravel  particles  or  cobbles.   Below  the  calcic 

horizon,  the  alluvium  is  stratified  sand  and  gravelly  or  cobbly  sand  along  with  occa- 
sional thin  [2   to  6  cm.)  laminations  of  lime-cemented  fine  material;  the  lowest  of  the 

laminations  was  seen  at  a  depth  of  150  cm.  in  a  pit  185  cm.  deep. 

The  open  cover  of  discrete  plant  units  is  dominated  by  Atriplex  oonfertifolia 
(Torr.  and  Frem.)  S.  Wats.,  a  rounded  shrub  20  to  30  cm.  high.   The  subshrub  Eurotia 

'lanata    (Pursh)  Moq.  and  the  bunchgrass  Ovijzopsis   hymenoides    (Roem.  and  Schult.)  Ricker 
|are  subdominant .   Other  perennial  shrubs  and  herbs  are  infrequent.   Annuals,  among  them 
Salsola  kali   L.  ,  Halogeton  glomeratiis    (Bieb.)  C.  A.  Meyer,  and  Maohaeranthera  oanesoens 
(Pursh)  A.  Gray,  are  never  abundant  in  this  ungrazed  perennial  cover  and  do  not  appear 

in  some  years.   The  woody  species  are  winter-deciduous.   About  15  percent  of  the  ground 
is  shaded  by  standing  plant  material,  of  which  half  is  dead  crovvn  cover. 

Underground  material  was  sampled  from  plots  selected  for  homogeneity  of  cover. 
Small  patches  of  uncomjp.on  or  irregularly  occurring  species  were  purposely  avoided,  as 
were  sites  of  current  or  recent  burrowing  by  kangaroo  rats  and  pocket  gophers. 



METHODS 

Root  samples  were  taken  in  1965  and  1966  merely  to  determine  the  relative  amounts 
of  roots  at  different  levels  in  the  rhizosphere.   Alternate  layers  7.5  cm.  thick  were 

taken  from  soil  columns  20  cm.  by  46  cm.  (area  1  ft.^).   All  columns  were  sampled  to  a 
depth  of  67.5  cm.,  and  two  of  them  to  the  maximum  rooting  depth,  which  was  112  cm.  in 
the  columns  sampled.   (A  few  fine  roots  were  seen  to  a  depth  of  135  cm.  in  one  soil  pit 

on  the  site,  and  a  lone  dead  herbaceous  root,  3  mm.  in  diameter  at  the  183-cm.  level, 
was  seen  in  another  pit.)   Roots  were  sieved  from  soil  over  a  6-mm.  screen.   Many  of 
the  finer  roots,  dead  and  fragile,  were  lost  through  the  screen.   The  roots  retained 

were  separated  from  gravels  by  flotation  in  water,  then  rinsed  on  a  No.  80  sieve,  oven- 

dried  at  75°  C.  for  24  hr. ,  and  weighed. 

In  April  1970,  when  new  top  growth  started  to  appear,  we  harvested  the  plant 
material  above  the  ground,  and  below  the  ground  to  a  depth  of  22.5  cm.  The  weight 
of  this  material  provides  an  estimate  of  the  absolute  amount  of  accumulated  organic 
matter  above  that  depth.  The  total  accumulation  at  greater  depths  can  be  extrapolated 

from  this  estimate  by  using  the  earlier  data.   A  wire  4.5  m.  long,  marked  at  15-cm. 
intervals,  was  stretched  along  the  ground  in  each  of  three  1.5-  by  6.0-m.  plots.   Usini 
a  mapping  frame  as  a  guide,  we  mapped  the  plots  freehand  to  show  each  plant  and  wire. 
All  plant  material,  living,  standing  dead,  and  litter,  was  gathered  from  the  plots, 

separated  by  species,  air-dried,  and  weighed.   Weights  were  adjusted  to  an  ovendry 
basis.   No  attempt  was  made  to  separate  living  from  dead  wood.  Atriplex   and  Eurotia 
typically  have  much  dead  wood  in  the  crowns  unless  they  are  young  plants.   Older  livin. 

stems  are  often  alive  only  along  one  side;  the  major  part  of  the  wood  of  these  structu' 
is  dead  and  weathered.   We  estimate  that  no  less  than  60  percent  of  the  wood  of  living 

shrubs  is  dead;  i.e.,  "attached  litter."  Of  course,  all  herbaceous  material  from  pre- 
vious years  was  dead. 



Running  samples  of  30  contiguous  soil  blocks,  each  15  cm.  long,  were  taken  along 
one  side  of  each  wire.   The  blocks  were  7.5  cm.  wide  and  7.5  cm.  thick  and  were  t;ikcn 

at  three  depths:  0  to  7.5  cm.,  7.5  to  15.0  cm.,  and  15.0  to  22.5  cm.   Roots  ami  other 

organic  material  were  separated  from  the  soil  by  flotation,  skimming,  and  decanting. 
The  mixture  of  water,  soil,  and  roots  (and  underground  litter)  was  first  stirred  to 

permit  separation  of  solid  parts.   The  rapidly  settling  sand  carried  some  of  the  lighter 
material  to  the  bottom;  so  the  process  was  repeated  until  virtually  all  organic  material 

had  been  removed.   Fecal  matter  and  long-dead,  partly  decomposed  jilant  parts  w;itcrlogged 
readily  and  lost  buoyancy,  but  such  material  was  recovered  in  the  re]icated  decanting. 

The  samples  of  organic  matter  were  rinsed  over  the  sieve  to  remove  any  silt  still 

attached,  then  ovendried,  and  weighed.   The  material  was  separated  into  underground 
shoot  parts  of  grasses,  coarse  roots  f>2.0  min.  in  diameter),  medium  roots  fO.5  to  2  iran. 

in  diameter),  and  "fine  roots  and  other  material,"  and  the  four  parts  were  weighed.   A 
small  portion  of  the  "fine  roots  and  other  material"  was  sorted  into  fine  roots  (-'O.S 
mm.  in  diameter)  and  litter  by  means  of  a  teasing  needle  and  a  small  brush.   Weights  of 

these  parts  were  used  to  calculate  the  weights  of  the  respective  fractions  in  the  orig- 
inal sampling  units.   The  material  took  on  moisture  during  separation,  so  the  sorted 

weights  were  readjusted  to  ovendry  weights.   Grass  bases  comprised  only  1.25  percent 
of  the  weight  of  organic  matter  in  the  upper  soil  layer;  their  weight  is  included 
with  that  of  coarse  roots  in  the  presentation  of  results. 

The  coarse  roots  were  the  short  taproots  of  shrubs  (only  four  were  encountered  in 

the  1,350-  by  7.5-cm.  area  of  the  sample)  and  first-order  branch  roots.   Tliese  root 
types  had  a  pronounced  taper.   The  larger  grass  roots,  essentially  cylindrical,  mostly 

fell  near  the  lower  limit  of  the  medium-root  class.   Taproots  of  annuals,  which  taper, 

also  w'ere  mainly  in  the  middle-sized  class.   Iflien  dry,  all  feeder  roots  were  in  the 
fine-root  class;  the  fine  roots  were  characteristically  much  branched,  with  frequent 

angular  axial  deviation.   Most  wei^e  fragile  and  presumably  dead  v\(hen  the  sample  was 
excavated. 

The  productivity  data  we  present  are  calculated  from  estimates  of  annual  yields  of 
total  green  growth  (herbaceous  material,  and  the  leaves,  fruits,  and  twigs  of  shrubs) 
reported  by  Hutchings  and  Stewart  (1953)  for  20  large  pastures  lying  1  to  8  km.  from  our 

sampling  site.   Yields  were  estimated  by  the  method  of  Pechanec  and  i"'ickford  (1937). 
As  will  be  brought  out  in  the  discussion,  these  data  tyjiify  productivity  of  a  wide  area 
of  similar  climate,  soils,  and  vegetation,  including  the  site  of  our  study. 

The  underground  sampling  layers  (7.5  cm.  thick)  are  given  Roman  numeric  designations 
for  the  purpose  of  discussion.   Layer  I  is  the  first  below  the  surface.   Organic  mass 

below  the  ground  is  expressed  as  g./m.^  for  each  7.5-cm.  increment,  regardless  of  the 
area  of  original  sampling  unit. 



RESULTS 

Because  of  the  sampling  technique,  the  1965-1966  sample  provides  only  the  relative 
vertical  distribution  of  root  mass.   Variation  of  root  weights  is  high  for  layer  I  (tab 
1),  as  is  to  be  expected  in  an  open  plant  cover  of  widely  spaced  individuals.   Coarse 
and  medium  roots  were  more  abundant  in  some  sampling  units  than  in  others  even  though 
sample  columns  had  been  located  so  as  not  to  be  directly  beneath  aerial  plant  crowns. 
Root  weights  in  layer  V  are  also  quite  variable.   Some  units  contained  more  of  the 
calcic,  sometimes  gravelly,  horizon  that  begins  in  this  level  than  others  did.   Layer 
III,  which  is  in  a  soil  horizon  homogeneous  throughout  the  sample  and  deep  enough  to 
be  relatively  free  of  the  influence  of  plant  spacing,  is  the  least  variable.  Variation 

in  the  seventh  and  deeper  layers  reflects  the  stratification  and  irregular  calcificatio 
of  the  alluvium. 

Weights  of  roots  (by  size  class)  and  of  other  organic  material  in  the  three  upper 
levels  sampled  in  1970  are  shown  in  table  2.   Total  root  weights  are  similar  for  these 
levels,  but  the  proportion  of  coarse  roots  diminishes  rapidly  with  increasing  depth 
(from  71  percent  in  layer  I  to  3  percent  in  layer  III). 

Fine  roots  constituted  16  percent  of  the  mass  of  roots  in  layer  I .  They  were  much 
more  common  in  the  lower  part  of  this  layer  than  near  the  surface.   In  layer  II,  fine 
roots  comprised  75  percent  of  the  total  roots  and  in  layer  III  they  were  80  percent  of 
the  total  roots. 

Because  almost  all  coarse  roots  are  near  scattered  shrubs,  variation  of  coarse 

root  weights  is  high  in  the  surface  horizon  and  remains  high  in  samples  of  this  small 

unit  size  (0.0113  m.^)  for  the  three  layers  (table  3).   Horizontal  distribution  of  find 
roots  is  much  more  even  at  all  levels.   Because  fine  roots  comprise  the  major  portion 
of  the  total  roots  in  layers  II  and  III,  horizontal  variability  of  total  roots  drops 
off  rapidly  (fig.  1). 



Table  \ .--Relative  weight  of  roots   in  various   soil   layers   7.5 
am.    thick.      (A  substantial  portion  of  the  fine   rooti. 

is  not  included  in   these  values)"^ 

I        •     r^^i  -Units  m-,,.,    .,    , 
Layer    .     Depth  .      ,  Weight  with  std.  error 

'   I         sample  :   

—  Cm.    -  —  G./m.'^--- 

1           0-7.5        6  77.1 ±30. 7 
III          15.0-  22.5        6  76. 0±  7.0 
V          30.0-  37.5        6  63.3±13.3 

VII          45.0-  52.5        6  45. 2±  7.7 
IX         60.0-  67.5        7  28. 6±  6.8 
XI          75.0-  82.5        3  23. 2±  7.7 
XII          82.5-  90.0        2  3.3±  1.3 
XV         105.0-112.5        2  2.7±  1.7 

•^Area  of  sampling  unit:  0.092  m.^. 

Table  2. --Mean  weights ^   with  standard  errors,    of  roots  and  underground  litter  in 
the  first  three   7.5-om.    layers  helow  the  ground  surface^ 

Layer  \    Coarse  roots  \    Medium  roots  \    Fine  roots  '  Total  roots  \    Underground  litter 

G./m. 

I 
2l22 

0±46 2 17 0±3.0 26 9±2 3 165 9±48.2 177 

2+16.5 

II 15 3±   6 1 28 2±2.4 130 4±4 4 173 
9+9.2 

29 

2±   3.5 
III 4 8±    1 9 26 3±1.3 121 2±3 7 

152 
3±   4.7 

20 

9±    1.4 

1^ 

^rea  of samD] Ling unit : 0.0113 m.2:    90 unil 

-s    i 

n   eacf 1   samnle. 

^Underground  shoot  parts  of  grass  comprise  2.8  percent  of  weight  of  coarse  roots 
in  layer  I. 

Table  Z.- -Coefficients  of  variation   (standard  deviation   t  mean)   of 

root  weights'^ 

Layer     '     Coarse    '    Medium   '    Fine     \  Total  roots 

Percent 

I  357  164         81  274 

II  377  81         32  50 
III  373  46         29  29 

Area  of  sampling  unit:  0.0113  m. 



Figure  1. — Map  of  part  of  a  plot   (at  top)   showing  shrub  and  weed  crowns  and  bunahgrasi 
bases.      Bar  graph   (below)   shows  weight  of  underground  material  in  three  7.5-Gm. 
depth -increments  of  the  sample  area  indicated  directly  above  on  the  map.     A,   Atri]: 
confertifolia;  E,    Eurotia  lanata;  +,   root  crown  or  point  of  attachment  of  shrubs 
and  broadleax>ed  herbs.      No  taproots  were  intercepted  in  this  segment  of  the  under-, 
ground  sample.  I 



In  layer  III,  variation  among  total  root  weights  or  weights  of  any  of  the  size 
iclasses  is  still  associated  with  the  proximity  of  perennial  plants.   Average  weights 

iwere  computed  by  layer  for  all  sampling  units  within  ."^O  cm.  of  the  edge  of  a  living  or 
jdead  shrub  crown  or  grass  base  (n  =  48)  and  for  those  farther  away  (n  =  42) .   For  layer 

illl,  total  weight  of  roots  nearer  the  plants  was  172  g./m.^;  roots  farther  away  averaged 
il29  g./m.2.   The  difference  due  to  position  of  sample  is  highly  significant  (analysis 
of  variance).   However,  this  difference  is  considerably  less  in  layer  III  than  at 

tishallower  depths.   In  the  surface  layer,  where  variances,  as  well  as  means,  are  sig- 

ijnificantly  different,  roots  nearer  the  plants  weighed  275  g./m.^;  roots  farther  away 
JA'eighed  only  38  g./m.^. 

.     The  underground  litter  is  mostly  near  the  surface,  where  its  weight  exceeds  that 
ijDf  roots  (table  2)  .   Its  horizontal  distribution  at  that  level  is  related  to  plant 
location  (fig.  1).   In  layer  III,  litter  makes  up  less  than  an  eighth  of  the  mass  of 

iprganic  material  and  its  dispersion  does  not  depend  on  proximity  to  plants  on  the 
urface. 

Most  of  our  so-called  underground  litter  originated  above  the  ground.   Such  litter 
itfas  matter  barely  worked  into  the  soil  surface  by  animal  activity,  especially  under 

i;;hrub  crowns,  or  was  fine  parts  of  surface  litter  overlooked  in  our  harvest  of  above- 
iljround  material.   Over  85  percent  (our  cursory  estimate)  of  the  recognizable  part  of 
;he  underground  litter  in  layer  I  was  comprised  of  leaves,  empty  shells  of  fruits  and 
;eeds,  small  spines,  and  parts  of  twigs.   Some  matter  of  obvious  root  origin,  such 
is  cortical  slough,  was  sorted  out  as  litter,  but  bare  stelar  fragments  of  fine  roots 

.'ere  included  as  root  material.   A  few  macroscopic  remains  of  insect  parts  were  seen: 
)ody  segments,  appendages,  and  empty  pupa  cases.  These  amounted  to  but  a  slight 
fraction  of  the  identifiable  litter.   Fecal  material  of  three  kinds  constituted  the 

■•emainder:   rabbit  and  small  rodent  droppings;  smaller  pellets  (more  polygonal  than 
circular  in  cross  section,  some  light-colored,  some  dark),  presumed  to  be  from  insect 
arvae;  and  finely  pulverized  loose  particles  of  fibrous  woody  frass.  The  last  kind 
;as  the  most  important  element  of  litter  in  layers  II  and  III,  although  leaves  and 
rruit  husks  were  found  at  both  levels.  Upon  reexamination,  a  few  unusually  high  values 

"or  underground  litter  in  the  data  for  the  two  lower  levels  were  found  to  be  due  to 
;oncentration  of  small  rodent  feces,  although  no  existing  burrows  were  intercepted  in 
:he  sample. 

I    The  harvest  of  abovegrcund  matter  (living,  standing  dead,  and  litter)  weighed 

40  g./m.^  of  ground  surface.   Such  matter  was  composed  of  the  following  in  the  propor- 
ions  listed:  Atriplex,    63  percent;  Eurotia,    11  percent;  other  shrubs,  1  percent; 
erennial  grass,  2  percent;  other  herbaceous  material,  6  percent;  miscellaneous  unsortcd 
itter,  17  percent.   The  last  named  was  comprised  mostly  of  leaves,  fruits,  and  fine 
:oody  material;  a  few  rabbit  pellets  were  also  found  in  it.   On  the  area  harvested, 
here  were  2.4  living  and  1.3  standing  dead  shrubs  per  square  meter,  and  0.7  living  and 
.5  dead  perennial  herbs. 



DISCUSSION 

Underground  Accumulation 
If  we  interpolate  root-mass  values  for  layers  not  sampled  in  1965  and  1966  (as 

in  fig.  2),  it  becomes  apparent  that  about  half  the  roots  (living  and  dead)  are  in  the 
top  30  cm.  of  the  soil,  about  30  percent  in  the  second  30  cm,,  15  percent  in  the  third, 
3  percent  in  the  fourth,  and  1  percent  at  depths  below  120  cm.   This  profile  differs 

from  that  described  by  Pearson  (1965)  in  the  Artemisia- grass   semidesert  of  eastern 
Idaho  (annual  precipitation  =  270  mm.),  where  80  percent  of  the  root  mass  was  in  the 
top  20  cm.,  18  percent  in  the  second  20  cm.,  and  2  percent  in  the  third,  which  rested 
on  bedrock. 

If  we  assume  that  the  earlier  sample  underestimated  total  root  mass  in  the  fourth 
and  deeper  layers  to  the  same  degree  it  did  for  layer  III,  then  an  approximation  of  the 

profile  of  root  distribution  can  be  extrapolated  from  results  of  the  later  sample  (the 
curve  in  fig.  2).    In  layer  III  and  below,  coarse  roots  comprise  a  negligible  fraction 
of  the  total  roots,  and  the  relation  of  medium  to  fine  roots  appears  to  have  reached  a 
constant  ratio:  0.21  in  layer  II,  0.22  in  layer  III.   Our  estimate  of  total  root  mass 

for  the  profile  is  summarized  by  30-cm.  increments  in  table  4.   Total  mass  of  living 

and  dead  root  material  in  the  profile  is  calculated  to  be  about  1,235  g./m.^,  of  which 
75  percent  is  fine  roots.   Bjerregaard  (1971)  determined  a  root  mass  of  1,313  g./m.^ 
in  a  community  dominated  by  Atriplex  aonfertifolia   about  350  km.  north  of  our  study  sit 

An  additional  297  g.  of  litter  brings  the  total  underground  mass  to  about  1,532 

g./m.2  (13,670  lb. /acre).   For  the  calcic  horizons  below  layer  III,  we  assume  half  as 
much  litter  relative  to  roots  as  was  in  layer  III,  because  rodents,  which  transport 

much  of  what  we  call  underground  litter  from  above,  do  not  work  those  horizons.   If  ou] 
guess  is  correct  that  85  percent  of  the  litter  nearer  the  surface  is  derived  from  aeri; 

plant  parts,  only  135  g./m.^  of  the  underground  litter  originated  beneath  the  surface. 
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Igure  2. --Vertical  distribution  of  total  root  mass.      The  short  vertical   lines  are 
interpolated  values  for  layers  not  sampled  in  19G6-1966.      The  curve  is  an  approx- 

imation of  minimum  root  mass  distribution  at  depths  greater  than  22.  S  cm,.,   not 
sampled  in  1970. 
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Table  A .--Calculated  mass  of  organic  reserve  in  a  cold  desert 
shrub  ecosystem 

Level 

(cm.) Root      ■     Other      '     Total 
2   g,/m. 

Aboveground^  0  240  240 

Below  ground 

0-30  631  244  875 
30-60  380  38  418 
60-90  177  13  190 
90-120  36  2  38 
>120  11  ^1  11 

Total  1,235  538  1,772 

■••Maximuni  height  of  shrubs  is  about  30  cm.   Occasional  grasses 
and  annual  weeds  reach  45  cm.   Total  depth  of  vegetal  layer, 
therefore,  about  170  cm. :  35  cm.  aboveground,  135  cm.  below  ground. 

Aboveground  Accumulation  and   Productivity 
About  a  third  of  the  mass  of  240  g./m.^  of  organic  material  above  the  ground  was 

unattached  litter.   Of  the  mapped  shrubs,  35  percent  were  completely  dead,  and  half  of 
the  crown  cover  of  the  living  shrubs  was  dead.   As  we  noted  earlier,  part  of  the  wood 
of  living  stems  is  dead  and  weathered;  so  the  total  living  perennial  aerial  part  of  thi 

biomass  probably  constitutes  no  more  than  35  g./m.^  of  the  total  accumulated  organic 
matter  above  the  ground.   Tlie  accumulation  of  top-derived  material  includes  an  addi- 

tional 162  g.  sorted  out  from  the  underground  samples.   Therefore,  the  total  accumula- 
tion from  aerial  parts  is  about  400  g./m.^  compared  to  the  1,370  g./m.^  we  estimate  to 

have  accumulated  from  underground  parts. 

Hutchings  and  Stewart  (1953)  reported  the  average  annual  productivity  of  air-dry 
green  matter  in  20  pastures  near  our  study  area  to  be  219  lb. /acre  (24.5  g./m.^). 
During  the  12  years  of  their  study,  the  productivity  ranged  from  75  to  468  lb. /acre 

(8.4  to  52.5  g./m.^).   We  believe  that  their  average  value  can  be  applied  with  some 
modification  to  our  site.   From  Hutchings  and  Stewart's  unpublished  field  data  we 
determined  the  yields  of  two  of  the  closest  pastures  (both  lightly  grazed)  to  be  25.3 

g./m.^.   Ungrazed  plots  within  the  pastures  have  had  yields  similar  to  the  pasture 
yields  in  the  fewer  years  they  were  sampled.   Several  other  ungrazed  areas  in  the  same 
kind  of  community  in  the  same  valley  and  in  other  valleys  of  western  Utah  and  eastern 

Nevada  have  average  yields-^  (3,  4,  or  5  years)  that  range  from  13.6  to  44.3  g./m.^; 
average  for  all  was  24.4  g./m.^. 

Although  these  productivity  data  are  not  from  the  immediate  site  of  our  standing 

crop  data,  they  are  really  more  useful  to  our  purpose  than  just  1  or  2  years'  producti. 
ity  determination  on  the  site.   This  is  because  as  organic  matter  accumulates  over 
several  years,  productivity  ought  properly  to  be  expressed  as  an  average  over  several 
years,  especially  where  its  annual  variation  is  as  broad  as  it  is  on  this  desert. 

Unpublished  data  in  the  files  of  Intermountain  Forest  and  Range  Experiment  StatJ: 
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!     If  we  take  the  air-dry  value  of  24.5  g. ,  adjust  it  to  ovendry  (23  g. ) ,  and  add  a 
orobable  15  percent  (erring  on  the  high  side)  for  annual  wood  growth,  and  another  5 
lercent  for  leaves,  seeds,  and  small  annual  weeds  that  undoubtedly  were  lost  before 

'laid  estimates  were  made  (in  the  fall),  we  calculate  the  net  annual  increment  of  aerial 

;rowth  to  be  around  28  g./m.^.   If  we  are  correct  in  assuming  a  steady  state  of  minimum 
irganic  reserve,  the  average  period  of  turnover  for  the  400  g.  of  recognizable 

tboveground  plant  material  must  be  about  400  t  28  ̂   14  years.   Rate  of  litter  dccomposi- 
ion  depends  upon  tlie  composition  of  tissues,  the  most  ligniferous  tissues  being  the 
ast  to  lose  their  identity  (Van  der  Drift  1965).   That  breakdown  of  litter  is  slow 
n  an  arid  climate  was  apparent  in  our  harvest  of  aboveground  material ,  where  four  age 
lasses  of  dead  stems  of  the  succulent  annual  weed  Salsola   were  distinguishable  by 
egree  of  weathering.  Salsola   was  not  present  on  the  site  in  1966,  so  some  of  this 
.erbaceous  material  had  weathered  at  least  five  winters  without  losing  its  identity. 

Underground  Productivity  and  Turnover 
Decay  of  organic  matter  is  more  rapid  below  the  ground  surface  where  humidity  is 

i  gli  f-'r  a  longer  period  than  above  the  ground  and  the  habitat  therefore  more  favor- 
ble  for  micro-organisms  and  the  small  animals  active  in  litter  breakdovm.   Because  of 
he  difficulties  encountered  in  assessing  the  underground  operations  of  ecosystems, 
ittle  information  is  available  regarding  subterranean  productivity  (Dahlman  and  Kucera 
965).   Most  of  what  has  been  reported  is  incomplete  or,  as  is  true  here,  is  based  in 

art  on  experience  or  assumption  (Newbould  1968) .   Based  on  our  estimate  that  75  per- 
ent  of  the  root  mass  is  made  up  of  roots  less  than  0.5  mm.  in  diameter,  a  rate  of 

urnover  of  underground  material  two,  three,  or  perhaps  more  times  that  of  the  above- 
xound  parts  seems  plausible.   If  we  take  2.5  as  the  factor  (i.e.,  0.4  of  the  turnover 

;ime  of  aboveground  decomposition),  the  average  period  of  breakdown  of  root-derived  mat- 
er would  be  about  6  years.  Then,  if  minimum  mass  of  organic  reserve  is  at  equilibrium 

etween  productivity  and  decomposition,  the  average  annual  net  underground  productivity 

s  in  the  neighborhood  of  (1,235  g.  root  +  135  g.  root-derived  litter)  v6  =  230  g./m.^. 

Comparisons  With  Other  Studies 
Most  studies  of  productivity  of  terrestrial  ecosystems  with  which  we  are  familiar 

pproach  their  determination  by  measurement  of  growth,  often  for  the  separate  plant 
rgans ,  through  the  growing  season  (Wliittaker  1962;  Ovington,  Heitkamp  and  Lawrence  1963; 
iegert  and  Evans  1964;  Dahlman  and  Kucera  1965;  Pearson  1965;  Chew  and  Chew  1965;  and 
thers).   For  the  subterranean  fraction,  they  are  either  incomplete  or  depend  to  some 

3gree  on  assumptions.   An  exception  is  the  study  by  Dahlman  and  Kucera,  who  were  con- 
srned  specifically  with  root  productivity  of  a  prairie.   These  and  the  studies  summa- 
ized  by  Rodin  and  Basilevich  (1968)  analyze  the  organic  material  in  a  number  of  ways, 

"lich  makes  it  difficult  for  us  to  make  direct  comparisons  among  their  results  and  ours. 

i    Litter  seems  to  be  an  ill-defined  fraction  of  organic  matter  accumulation  (Rodin 

[rid  Basilevich  1967,  p.  5).   Some  reports  recognize  only  1  year's  litter  fall;  others 
jnore  it.   Underground  litter  from  aerial  plant  organs,  never  mentioned  in  the  litera- 
are,  may  be  an  exceptional  phenomenon,  peculiar  to  the  desert.   As  in  our  study,  the 
living  root  mass  is  usually  not  separated  from  the  dead,  although  by  our  terminology, 

'b  least  the  dead  roots  no  longer  attached  to  living  plants  should  be  considered  under- 
tound  litter.   At  present,  we  have  no  clearcut  concept  of  what  constitutes  aboveground 

itter.   Certainly  any  loose-lying  material  is  litter,  and  so  is  the  last  year's 
jrbaceous  material,  even  that  still  standing.   (Shoot  material  of  some  desert  hcrlis 
fn.   accumulate  for  several  years  without  falling;  perhaps  it  disintegrates  in  place.) 

''   old,  standing  dead,  herbaceous  matter  is  litter,  then  also  are  standing  dead  shrubs. 
id,  if  dead  shrubs  are  litter,  tlien  so,  too,  are  dead  branches  and  twigs  on  living 
ants,  and  perhaps  even  dead  wood  in  living  branches.   For  perennial  woody  communities. 
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whether  desert  or  forest,  such  terms  as  biomass  accumulation  and  standing  crop  ought  t 
be  defined  as  including  all  matter  not  fragmented  beyond  recognition;  i.e.,  everything 
short  of  humus.  It  seems  that  there  is  no  more  distinct  point  in  the  turnover  process 
at  which  to  place  the  boundary. 

No  value  of  aboveground  productivity  reported  for  North  America  is  near  our  low 

value  of  28  g./m.2.  in  Chew  and  Chew's  (1965)  warm  desert,  the  aboveground  productivit 
value  was  131  g./m.^;  on  Pearson's  [1965)  steppe,  it  was  123  g./m.^.   In  a  community 
similar  to  Pearson's,  Blaisdell  (1958)  determined  average  aboveground  productivity 

over  a  13-year  period  to  be  92  g./m.^.   Ovington  and  others  (1963)  reported  a  net 
productivity  of  93  g./m.^  for  the  aerial  part  of  a  Minnesota  prairie.   Rodin  and 
Basilevich  (1967)  list  six  Asian  desert  communities  where  annual  turnover  of  aerial 

parts  ranges  from  15  to  44  g./m.^. 

Our  value  of  about  260  g./m.^  for  total  annual  productivity  above  and  below  the 

ground  is  in  the  same  order  of  magnitude  as  Pearson's  240  g./m,^,  and  the  Eurasian 
values,  which  were  122  for  a  dwarf  semishrub  desert,  250  for  a  subtropical  desert,  and 
420  for  dry  steppes  (Rodin  and  Basilevich  1968). 

The  minimum  for  total  organic  matter  accumulation  in  the  herbaceous  prairie  of   | 

Ovington  and  others  (1963)  occurred  in  early  May,  and  was  616  g./m.^;  211  g.  of  it, 
nearly  all  dead  material,  was  aboveground.   This  figure  is  much  lower  than  our  minimum 

for  the  woody  desert.   Our  estimate  was  1,770  g./m.^,  of  which  205  g.  was  dead  and  35 
alive  aboveground,  and  a  total  of  1,530  g.  dead  and  alive  below  the  ground.   Other 
studies  either  fail  to  include  dead  material  in  biomass  values,  or  report  only  an 
annual  value  for  litter  fall. 

The  following  features  of  organic  niatter  occurrence  and  disposition  on  this  deser 
of  woody  perennial  plant  cover  are  significant:  (1)  The  low  productivity  of  abovegrou 
biomass;  (2)  the  high  proportion  of  aboveground  dead  matter,  a  result  of  slow  litter 
breakdown;  (3)  low  ratios  for  both  productivity  and  matter  accumulation  of  aerial  to 

subterranean  portions  of  the  respective  totals;  (4)  the  movement  of  top-derived  litter 
into  the  soil  before  it  loses  its  identity;  and  (5)  the  uneven  horizontal  distribution 

of  underground  organic  matter  in  the  upper  layers  of  the  rhizosphere. 
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Abstract 

Periodic  diameter  growth  of  lodgepole  pine  trees  in 
Montana,  Idaho,  and  Utah  can  be  estimated  by  equations 

developed  in  this  study.  Use  of  these  equations  for  esti- 
mating future  diameters  of  individual  trees  is  described 

for  several  combinations  of  tree  and  stand  conditions. 



Introduction 

Management  planning  for  timber  production  commonly  states  its  goals  in  terms  of 
ree  size  at  harvest.   Tree  size,  especially  diameter  at  breast  height  (d.b.h.),  has 
ecome  an  increasingly  important  element  of  such  planning.   In  addition,  tree  size 
nfluences  the  quality  and  production  costs  of  timber  products  and  the  biological  and 
sthetic  character  of  growing  stands. 

Growth  and  yield  information  is  grossly  inadequate  for  lodgepole  pine  {Pinus 
ontorta   Dougl . )  in  Montana,  Idaho,  and  Utah,  although  results  from  some  studies  in 
arrounding  areas  may  be  extrapolated  to  fill  immediate  needs  for  approximate  data  on 
plume  yields  per  acre  (Dahms  1966;  Myers  1967).   Tlie  development  of  tree  size  has  not 
iben  studied  as  intensively  as  stand  growth  and  volume  yield;  therefore,  such  studies 
Id  great  promise  for  refining  growth  and  yield  estimates. 

The  purpose  of  this  paper  is  to  report  the  development  of  equations  for  predicting 
Jture  tree  diameters  at  breast  height  for  lodgepole  pines  in  Montana,  Idaho,  and 

Drthern  Utah.   A  related  report-^  describes  a  stand  growth  prognosis  program  that  uses 
rowth  equations  like  the  ones  in  this  report  to  synthesize  the  development  of  stands. 

^A.  R.  Stage.   A  model  for  the  prognosis  of  forest  stand  development.   Intermoun- 
jin  Forest  and  Range  Experiment  Station.   (In  preparation.) 



Methods 

In  1969,  measurements  were  taken  on  264  lodgepole  pine  trees  growing  within  88 
permanent  sample  plots  established  between  1957  and  1960.   The  plots  represented  a  wide 
range  of  growing  conditions  in  unmanaged ,  even-aged  lodgepole  pine  stands  over  an 
extensive  geographic  area  from  northeastern  Utah  to  northwestern  Montana  (fig.  1). 

Three  trees  of  differing  crown  class  were  randomly  selected  from  each  plot  for 
individual-tree  measurements.   Measurements  included  total  height,  height  to  crown  base 
d.b.h.,  age  at  breast  height,  and  10-year  radial  increment.   Tlie  crown  base  was  "visu- 

ally balanced"  to  determine  measuring  point,  and  radial  increment  was  determined  as  the 
average  of  two  increment  core  measurements  taken  at  breast  height.   Cores  were  extracte 

at  180°  to  each  other,  on  the  average  diameter  as  located  by  tree  calipers. 

Diameter-class  tallies  of  the  permanent  plots  furnished  stand  data  at  the  time  of 
establishment  and  again  in  1969.   Stand  values,  such  as  number  of  trees  per  acre  and 

basal  area,  were  linearly  interpolated  or  extrapolated  to  1959,  so  they  would  corres- 
pond to  the  beginning  of  the  growth  period  measured  on  increment  cores. 

Increment  of  individual  trees  was  analyzed  both  as  radial  increment,  inside  bark, 
and  as  increment  in  basal  area,  inside  bark.   In  addition,  a  logarithmic  transformatioi 
of  each  was  used.   To  determine  the  most  appropriate  form  of  the  dependent  variable,  a 
large  set  of  independent  data  from  management  planning  inventories  and  Forest  Survey 

locations  was  utilized,  employing  Furnival's  (1961)  "Index  of  Fit"  criterion.   On  this 
basis,  the  logarithm  of  basal  area  increment  was  found  to  be  the  superior  form  of  the 
dependent  variable.  I 

Linear  equations  of  tlie  form  Y  =  hg    +  hiX^    +  &2^2  +  •••  by^X^^   were  then  fitted  to 

our  data  and  subjected  to  screening  to  determine  the  equations  of  best  fit,  where  Y 
represented  the  natural  logarithm  of  basal  area  increment  in  square  inches.   Data  were 

analyzed  using  Grosenbaugh' s  (1967)  Rex-Fortran  IV  system  for  combinatorial  screening 
and  analysis  of  multivariate  regressions. 



Figiive  1 .  — Geographiaa  I 
distribution  of 
sample  trees. 
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0=  approximately  15  trees 

To  allow  estimation  of  periodic  basal  area  increment  of  individual  trees  in  both 

lanaged  and  unmanaged  stands,  screenings  v\'ere  conducted  only  with  prediction  variables 
'-ppropriate  to  each  situation.   Variables,  or  combinations  of  variables  such  as  stand 
■  asal  area  and  age,  that  would  express  past  increment,  vvere  ruled  out  of  the  models  that 
ould  apply  to  thinned  stands.   Although  such  variables  would  show  a  close  correlation 

'ith  subsequent  increment,  manipulation  of  stand  density  would  change  these  variables 
o  that  the  coefficients  derived  from  our  data  would  not  apjily. 

Basic  stand  variables  included  in  the  analysis  were  lodgepole  pine  site  index  at 

00  years--with  corrections  made  for  stand  density  (Alexander  and  others  1967),  lati- 
lude,  elevation,  number  of  trees  per  acre,  and  basal  area.   Individual  tree  variables 
included  were  d.b.h.,  height,  crown  length,  and  age  at  breast  height.   Additionally, 

'arious  other  interaction  terms  and  values  derived  from  the  measured  variables  were 
calculated  and  included  in  the  analysis. 

Crown  competition  factor  (CCF)    (Krajicek  and  others  1961)  was  calculated  with  the 
quation  developed  for  lodgepole  pine  by  Alexander  and  others  (1967) : 

N  N 

CCF  =    (0.00365  EZ).2  +  0.01676  ZD .    +  0.01925  N)/A 

fiere 

D  =   D.b.h.  of  ith   tree  in  plot 

N  -   Number  of  trees  in  plot 

A   =   Area  in  acres  of  nlot 



Equations  for  future  growth  estimation 

In  this  study,  as  expected,  the  variable  d.b.h.  contributed  most  to  future  basal- 
area  growth  prediction.   Simple  correlation  analysis  showed  the  logarithm  of  d.b.h.  to 

be  highly  correlated  with  the  logarithm  of  subsequent  10-year  basal-area  growth  of 
corresponding  trees.   The  simple  correlation  coefficient  was  0.74,  corresponding  to  a 
coefficient  of  determination  in  simple  linear  regression  which  explained  55  percent  of 

the  variation  in  basal-area  growth. 

_  The  addition  of  elevation,  CCF ,    and  the  ratio  of  d.b.h.  to  average-stand-diameter 
(d/D) ,    raised  to  76.4  percent  the  amount  of  variation  accounted  for  (equation  2, 
table  1).   As  measures  of  stand  competition  effects  and  relative  competitive  status  of 

the  subject  trees,  respectively,  the  variables  CCF   and  d/D   make  worthwhile  contribu- 
tions.  In  the  presence  of  elevation,  they  explain  approximately  3.5  percent  more 

variation  than  did  any  other  combination  of  three  variables  added  to  d.b.h. 

In  addition  to  tlie  measure  of  relative  competitive  status  afforded  by  d/D,    an 
indicator  of  tree  vigor  (crown  ratio)  was  also  tested  for  its  contribution.   However, 
because  crown  length  measurements  were  not  available  at  the  beginning  of  the  growth 
period,  the  test  was  made  using  all  independent  variables  measured  at  the  end  of  the 
growth  period.   The  simple  correlation  coefficient  between  the  logarithms  of  periodic 

basal  area  growth  and  crown  ratio  was  0.36;  however,  when  added  to  the  equation  con- 
taining d.b.h.,  CCF,    d/D,    elevation,  and  site  index,  crown  ratio  had  virtually  no 

effect--it  raised  explained  variation  by  only  0.2  percent. 

It  appears  that  crown  ratio  is  not  a  useful  prediction  variable  for  basal-area 
increment  of  individual  tre£S  in  uniform,  undisturbed  stands  of  lodgepole  pine  when 
such  measures  as  CCF   and  d/D   are  available. 
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Addition  of  site  index  to  the  variables  of  equation  2  further  raised  the  amount 

of  variation  accounted  for  to  80.3  percent  (equation  1,  table  1).   With  the  exception 
of  tree  age,  none  of  the  other  basic  variables  mentioned  contributed  appreciably  to 

explained  variation  when  in  multiple  regression  with  the  variables  presented  in 

equations  1  and  2.   Equations  1  and  2  are  usable  for  future  growth  prediction  in  un- 
managed  stand  situations.   We  also  believe  that  equations  1  and  2  may  be  applied  in 
managed  stands  as  an  interim  guide  under  conditions  where  changes  resulting  from 
treatment  or  natural  causes  would  be  reflected  in  corresponding  changes  in  measured 
values  of  d.b.h.,  CCF,    and  d/D . 

Age  has  been  shown  to  be  a  significant  variable  in  predicting  past  periodic 
diameter  and  volume  growth  of  ponderosa  pine  {Pinus  ponderosa   Laws.)  (Lemmon  and 
Schumacher  1962)  and  past  volume  growth  of  lodgepole  pine  stands  (Dahms  1966) .   To 
assess  the  effect  of  tree  age  on  prediction  of  future  basal  area  growth  of  individual   j 

lodgepole  pine  trees,  the  reciprocal  of  tree  age  at  breast  height  was  added  to  the     ■ 
variables  involved  in  equations  1  and  2  of  table  1.   Equation  4,  table  1,  shows  that  an 
additional  6.7  percent  of  variation  is  accounted  for  by  the  inclusion  of  tree  age  with 
the  variables  of  equation  2;  but  equation  3  reveals  that  the  further  inclusion  of  site 
index  only  accounts  for  an  additional  0.3  percent  of  variation.   It  is  interesting  to 
compare  this  small  addition  to  the  3.9  percent  increase  in  explained  variation  that  is 
accounted  for  by  site  index  in  the  presence  of  the  same  variables  without  age  as  shown 

for  equations  1  and  2.   Apparently,  in  these  undisturbed  stands,  d.b.h.  and  age  in- 
directly represent  the  influence  of  site  index  on  diameter  growth  to  an  extent  that 

further  inclusion  of  site  index  itself  has  little  additional  value  in  predicting  basal 
area  growth  of  individual  trees.   Lemmon  and  Schumacher  (1962)  reported  a  similar  effect 
in  regard  to  diameter  growth  prediction  of  ponderosa  pine  trees.   Subsequent  eliminatioi 
of  both  site  index  and  elevation  from  the  equations  including  age  resulted  in  a  very 
small  reduction  in  variation  explained,  as  shown  by  equation  5,  table  1,  in  comparison 
to  equation  3.   Hence,  if  age  is  to  be  measured,  equation  5  gives  virtually  the  same 
accuracy  in  prediction  of  basal  area  growth  as  do  equations  requiring  the  additional 
measurement  of  site  index  and  elevation. 

The  usefulness  of  prediction  equations  containing  age  is  limited  by  two  factors. 
First,  by  the  practical  consideration  of  whether  the  value  of  the  2.6  percent  increase 
in  explained  variation  (equation  5  versus  equation  1)  offsets  the  additional  expense 
of  increment  boring  to  obtain  tree  age.   Second,  tree  age  in  the  presence  of  d.b.h. 
indirectly  functions  as  a  past  diameter  growth  rate  and  can  be  expected  to  be  highly 
correlated  with  future  growth  rate  unless  stand  growing  conditions  change  significantly 
Since  a  common  objective  of  management  is  to  increase  growth  rates,  obviously  the  past 
growth  rate  implied  by  d.b.h.  and  tree  age  will  not  be  representative  of  that  expected 
to  follow  cultural  operations.   Accordingly,  we  do  not  recommend  using  these  prediction 
equations  involving  age  in  disturbed  stands,  because  no  such  stands  were  included  in 
our  data,  and  we  doubt  that  the  influence  of  age  would  be  independent  of  past  treatment 

In  view  of  the  high  percentage  of  accounted-for  variation,  the  reduction  in 
increment  boring,  and  its  application  to  both  managed  and  unmanaged  stand  situations, 
equation  1  seems  most  practical  for  predicting  future  basal  area  growth  of  lodgepole 
pine  trees. 



How  to  estimate  future  diameter 

The  Y's  predicted  in  the  equations  of  table  1  are  the  logarithms  of  the  change  in 
basal  area,  inside  bark,  for  an  individual  tree.   To  use  these  growth  values  to  estimate 

future  diameter,  the  1'' s  must  be  converted  to  a  change  in  diameter,  outside  bark. 

Therefore,  let 

D .,    -   diameter  inside  bark  at  end  of  decade ^b 

D  .,    -   diameter  outside  bark  at  end  of  decade OD 

d ..,    -   diameter  inside  bark  at  start  of  decade 

d  -,    =   diameter  outside  bark  at  start  of  decade ob 

Info:)  =  natural  logarithm  of  x 

exp(x)  =  exponential  function  of  x 

then  y  -  In  {  (Z)^^2  .  ̂ ^^2^  ̂ /4  } 

3r  expCn    =   0.7854    (D^^^   -   d^^^) 

Z?.,2   ̂   <i      2   +    1.273238   exp    (7) 
zb  tb  f    y   ■> 

md 

D.,    -    /c?.,2    +   1.273238   exp    (T) 



To  obtain  future  diameter  outside  bark  (D   ,  ) ,  the  effect  of  bark  growth  must  be 
approximated.   This  can  be  done  by  multiplying  the  above  expression  for  basal  area 
growth  by  the  ratio  of  outside  bark  diameter  to  inside  bark  diameter.   Then, 

^ob   -   ""^ob"   '    ̂^ob/^ib^"    fl-27^238  exp  (Y)) 

In  application,  the  user  should  measure  a  sample  of  bark  thickness  to  establish  the 
ratio.   If  direct  measurement  is  not  possible,  the  average  value  of  the  ratio  for  the 

trees  in  this  study  (d  i^/d .-,    =   1.077)  can  be  used. 

The  trends  of  diameter  outside  bark  (D   , )  generated  by  repeated  application  of 
the  above  equation  to  values  obtained  from  solving  equation  1,  for  several  combinations 
of  site  index,  crown  competition  factor,  and  ratios  of  tree  d.b.h.  to  diameter  of  tree 
of  mean  basal  area  {d/D) ,   are  illustrated  in  figures  2  through  4  of  the  Appendix. 

For  a  timespan  of  one  decade,  the  curves  are  valid.   For  more  than  one  decade, _ 
the  curves  are  only  approximate  because  they  ignore  any  natural  change  in  CCF   or  d/D 
that  would  be  the  consequence  of  growth  and  mortality  among  remaining  trees  in  the 
stand.   Changes  in  the  stand  variables  can  be  considered  only  by  imbedding  these 
diameter  growth  equations  in  a  stand  growth  simulation  procedure. 
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Appendix 

To  use  the  curves  in  the  Appendix,  find  the  graph  for  the 
desired  CCF   and  cl/D.      Move  along  the  curve  for  the  appropriate 
site  index  until  the  height  of  the  curve  corresponds  to  present 

d.b.h.   Then  move  one  decade  interval  to  the  right  to  find  diam- 
eter one  decade  hence.   Note  that  the  horizontal  axes  are 

labeled  "decade  intervals"  to  indicate  a  discontinuity-over-time 
of  the  curve  relationships  shown.   Tliis  has  been  done  to  prevent 
the  graphs  from  being  mistakenly  interpreted  as  illustrating 
diameter  growth  development  over  age  (or  longer  intervals  of 
time  than  10  years). 

Users  are  reminded  that  these  curves  utilize  site  index 

values  based  on  a  100-year  index.  The  curves  are  for  an  average 
elevation  of  6,000  feet  above  mean  sea  level.  With  regard  to 
the  effect  on  diameter  increment,  an  increase  of  1,000  feet  in 
elevation  would  correspond  to  a  decrease  of  about  8  percent 
in  site  index. 
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Figure  2a. — Diameter  growth  of  individual   todgepole  pine  trees  over 
10-year  intervals,    by  site  index  classes,   for  an  average  elevation 
of  6,000  feet— when  Crown  Competition  Factor   (CCF)  =  100,   and  the 
ratio  of  tree  d.b.h.    to  average  stand  d.h.h.    (d/ij)  =  1.0. 
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Figure  2b. — Diameter  growth  of  individual   lodgepole  pine  trees  ever 
10-year  intervals,    by  site  index  classes ,   for  an  average  elevation 
of  6,000  feet — iJ^en  Crown  Corrpetition  Factor   (CCF)  =  100  and  the 
ratio  of  tree  d.b.h.    to  average  stand  d.b.h.    (d/jj)   =  1.3. 
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Figure  2c. — Diametev  growth,  of  individual   lodgepole  pine  trees  over 
10-year  intervals,   by  site  index  classes,   for  an  average  elevation 
of  6,000  feet— when  Crown  Competition  Factor   (CCF)  =  100,   and  the 

ratio  of  tree  d.b.h.    to  average  stand  d.b.h.    (d/'^)  =  1.6. 
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Figure  3a. — Dianeter  growth  of  individual   lodge'pole  pine  trees  over 
10-year  intervals,    hy  site  index  classes,   for  an  average  elevation 
of  6,000  feet— when  Crown  Competition  Factor   (CCF)  =  2C0,   and  the 
ratio  of  tree  d.b.h.    to  average  stand  d.t.h.    (d/^)  =1.0. 
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Figure  3b. — Diameter  growth  of  individual  lodgepole  pine  trees  over 
10-year  intervals,   by  site  index  classes,   for  an  average  elevation 
of  6,000  feet— when  Crown  Competition  Factor   (CCF)  =  200,   and  the 
ratio  of  tree  d.b.h.    to  average  stand  d.b.h.    (d/^)  =  2.2. 
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Figure  Zo.--'Diam.eteT  growth  of  individual   lodgepole  pine  trees  over 
10-year  intervals,    by  site  index  classes,   for  an  average  elevation 
of  6,  000  feet--when  Crown  Competition  Factor   (CCF)  =  200,   and  the 
ratio  of  tree  d.b.h.    to  average  stand  d.b.h.    W/pj  =  1.6. 
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Figure  4a. — Diameter  growth  of  individual   lodgepote  pine  trees  over 
10-year  intervals ^   by  site  index  classes ^   for  an  average  elevation 
of  6y  000  feet — when  Crown  Competition  Factor   (CCF)  =  ZOO,   and  the 

ratio  of  tree  d.b.h.    to  average  stand  d.b.h.    (d/"^)  =  1.0. 
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Figure  4b. — Diameter  growth  of  individual   lodgepole  pine   trees  over 
10-year  intervals,   by  site  index  classes,   for  an  average  elevation 
of  6,000  feet— when  Crown  Competition  Factor   (CCF)  =  ZOO,   and  the 

ratio  of  tree  d.b.h.    to  average  stand  d.b.h.    (d/'p)  =  1.2. 
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ABSTRACT 

Effects  of  release  by  removal  of  a  residual  overstory  and  by 

cleaning  treatments  were  measured  over  a  30-year  period  in  young 

mixed-conifer  stands  on  moist  sites  in  northern  Idaho.  Increasing 
time  of  overwood  retention  caused  rapid  loss  of  the  more  intolerant 
species  and  corresponding  reduction  in  subsequent  alternatives  for 

crop-tree  selections.  Cleaning  effectively  promoted  the  growth  of 
leave  trees  (principally  western  white  pine),  but  the  amount  and 
duration  of  benefit  was  decreased  by  an  aggressive  reappearance  of 
tolerant  and  intolerant  species,  especially  in  heavily  cleaned  plots. 



INTRODUCTION 

Three  separate  but  related  studies  established  in  nortliern  Idaho  in  193S"  provide 
Information  on  the  response  of  representative  young  stands  to  release  from  overstory 

[fhade  and  to  lower  densities  achieved  by  cleaning.   'Hie  parent  timber  type  in  each  case 
'ffas   western  white  pine  fPinus  montiaola   Dougl  . )  ;  ecologically,  tlie  sites  were  classified 
is  Tsuga  heterophylla/Paohistima  myrsinites   habitat  type  (Daubenmire  and  Haubenmire 
968).   Some  early  results  of  cleaning  operations  on  two  of  the  study  areas  were  de- 
cribed  by  Wellner  (1940,  1946).   Boyd  (1959)  later  reported  on  conditions  and  outlook 

'n  these  same  areas  20  years  after  treatments.   Ten  more  years  of  record,  plus  results 
rom  a  third  set  of  plots,  now  give  additional  data  on  growth  and  do)ninancc  trends. 

I    Tlie  treatments  used  were  designed  to  favor  western  wliite  pine  liecausc  of  its  jKira- 
ount  importance  to  the  timber  industries  at  that  time.   Current  management  programs 
n  the  Northern  Rocky  Mountain  region  have  deemphasized  white  pine  production  because 

''f  the  problems  encountered  in  attempting  to  control  losses  from  blister  rust  (Ketchain 
'nd  others  1968).   Although  the  prospective  role  of  natural   white  pine  in  tliis  region 
emains  uncertain,  progress  toward  producing  genetically  rust-resistant  trees  for 
lanting  indicates  there  will  be  a  continuing  use  for  information  on  the  responses  of 
estern  white  pine  to  management  practices.   In  addition,  the  records  from  these  early 

tudies  can  help  managers  formulate  guidelines  for  mixed-species  management  on 
imilar  sites. 

^These  studies  were  planned  and  Installed  by  Carl  E.  Ostrom,  Hans  Roffler,  Ceorge 
Fisher,  and  Kenneth  P.  Davis;  data  on  file  at  Intermountai  n  I-orest  and  l^ange  l,.xp. 

ation,  Forestry  Sciences  Laboratory,  Moscow,  Idaho. 
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UPPER  WEST 
BRANCH  STUDY 

Establishment 

This  set  of  cleaning  plots  was  established  in  an  8-year-old  stand  occupying  a  leva 
bench  in  the  Upper  West  Branch  drainage  of  Priest  River  in  the  Kaniksu  National  Forest. 
The  stand  originated  after  a  1926  burn  of  logged-over  old  growth.   In  1935,  density 
per  acre  ranged  from  9,000  to  21,000  trees  that  were  over  0.5  foot  in  height.   Of  these 

more  than  half  were  seedlings  in  the  0.5-  to  1.5-foot  range,  chiefly  western  hemlock 
[Tsuga  heterophylta    (Raf.)  Sarg.)  and  western  redcedar  (Thuja  plioata   Donn) .   Western 
larch  (Larix  oacidentalis   Nutt . )  was  strongly  dominant  over  the  entire  area,  with  only 
scattered  lodgepole  pine  (Pinus  contovta   Dougl . )  and  western  white  pine  appearing  amonj 
the  taller  trees  in  the  stand. 

The  study  installation  consisted  of  three  0.4-acre  plots  treated  as  follows: 

Uncleaned.--l]\is   was  the  check  ]ilot. 

Moderately  cleaned. --kl\   white  pine  and  redcedar  were  left,  together  with  a  few 
Engelmann  spruce  [Picea  engelmannii   Parryl  and  Douglas-fir  [Pseudotsuga  menziesii 
(Mirb.)  that  were  not  crowding  the  white  pine.   Also,  where  white  pine  was  absent, 
small  larches  were  left  and  given  an  8-foot  spacing. 

Heavily  cleaned. --Ml   trees  taller  than  0.5  foot  were  cut,  except  white  pine  and 
redcedar. 

As  a  result  of  the  moderate  cleaning,  the  density  was  lowered  to  about  2,700  stemi 
per  acre,  and  the  percentage  of  4-milacre  quadrats  dominated  by  white  pine  increased 
from  1  percent  before  treatment  to  45  percent  after.  Most  of  the  remaining  quadrats 
continued  to  be  dominated  by  western  larch.  Heavy  cleaning  lowered  the  average  densitl 
to  1,760  trees  per  acre.  The  percentage  of  quadrats  with  dominant  white  pine  was 
raised  to  70  percent,  and  redcedar  temporarily  became  the  tallest  species  on  the  rest 
of  the  quadrats. 



3()-Year  Kosiilts 

By  1965,  50  years  after  treatment,  western  larch  in  the  moderately  cleaned  plot 
lad  increased  its  percentage  of  the  trees  in  the  dominant  and  codominant  crown  classes 

crom  about  50  to  nearly  75  percent- -thereby  regaining  much  of  its  pretreatmcnt  advantage 
!)ver  western  white  pine  (fig.  1).   In  the  heavily  cleaned  plot,  where  virtually  all 
arch  except  very  small  seedlings  had  been  removed,  this  species  made  a  surprising 
:omeback  and  accounted  for  more  than  40  percent  of  the  trees  in  dominant  and  codominant 

;roivn  classes  by  the  time  of  the  1965  measurement.   Reestablishment  of  lodgepole  pine 
in  these  cleaned  plots  was  almost  nil.   Western  hemlock  and  western  redcedar  made  a 
trong  recovery  in  the  understory,  especially  where  the  heavy  cleaning  was  done;  after 
nly  15  years,  these  two  species  totaled  more  than  7,000  stems  there.   In  the  clieck 

ilot,  western  larch  and  lodgepole  pine  continued  to  exert  complete  dominance,  and  liy 
965  the  western  white  pine  population  had  been  reduced  to  scattered,  suppressed,  and 
eclining  individuals. 

Posttreatment  growth  rate  of  the  trees  has  shown  a  direct  relationship  to  the 

ntensity  of  western  white  pine  release.   In  comparison  with  the  check  plot,  tlie  accel- 
ration  of  diameter  increment  on  released  trees  resulted  in  total  basal  areas  that  were 

0  percent  higher  in  the  moderately  cleaned  plot  and  40  percent  higher  in  the  heavily 
leaned  plot  (fig.  2).   Also,  height  growth  of  the  larger  trees  was  similarly  improved 

jfig.  3).   Based  on  measurements  of  the  tallest  100  trees  per  acre  of  each  species, 
ihite  pine  at  38  years  attained  a  height  of  only  13  feet  on  the  check  plot  compared  to 
6  feet  under  the  moderately  cleaned  conditions  and  54  feet  where  heavily  cleaned. 

500 

250 

500 

1,000 

UNCLEANED (CHECK  PLOT) MODERATELY  CLEANED HEAVILY  CLEANED 

^H   Dominant  and  codominant  trees 

I    Intermediate  and  suppressed  trees 

[Agure   1. --Effect  of  moderate  and  heavy  cleanings  on  number  of  trees  per  acre   20  uearc 
after  treatment,   by  crobM  class  and  species.    Upper  West  Branch  study. 



Western  larch  was  also  benefited  by  the  cleanings  although  all  of  the  largest  trees  of 
this  species  had  been  cut;  of  those  remaining,  the  taller  ones  outgrew  the  dominant 
larch  on  the  check  plot  by  about  a  third  during  the  30  years  after  treatment.   The 

height  growth  of  lodgepole  pine  closely  matched  that  of  western  larch  in  the  check  plot, 
but  too  few  of  the  lodgepole  pine  reappeared  in  the  other  plots  after  cleaning  for  valid 

height  comparisons. 

Although  the  rates  of  western  redcedar  height  growth  were  comparatively  slow  on 

all  plots,  it  is  noteworthy  that  the  redcedar  grew  about  twice  as  fast  in  the  heavily 
cleaned  plot  after  treatment  as  it  did  in  the  check  plot.   Tlie  results  for  western 
hemlock  were  nearly  identical  to  those  for  redcedar,  even  in  the  cleaned  plots  where 
the  hemlock  had  been  strongly  discriminated  against.   Heights  of  the  two  species, 
therefore,  were  combined  for  the  treatment  comparisons  in  figure  3. 
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UPPER  SANDS 
CREEK  STUDY 

Establishment 

This  study  was  located  in  the  Sands  Creek  drainage  of  the  Deception  Creek  Experi- 
mental Forest  at  an  elevation  averaging  about  3,500  feet  on  middle-to-lower  northerly 

slopes.   It  was  established  in  a  16-year-old  stand  composed  mainly  of  grand  fir 
{Abies  grandis    (Dougl.)  Lindl . ) ,  western  hemlock,  and  western  white  pine.   Wliite  pine 

seed  trees  that  had  been  left  after  logging  in  1916-1918  were  removed  in  1935  when  the 
cleaning  treatments  were  applied.   Tlie  study  installations  consist  of  three  blocks  of 

three  1/10-acre  plots,  two  cleaned  and  one  uncleaned  in  each  block. 

Cleaning  reduced  average  density  of  all  the  trees  over  0.5  foot  in  height  from 

nearly  7,000  per  acre  to  about  1,600  per  acre.   Tlie  average  percentage  of  highly 
favored  western  white  pine  was  raised  from  21  to  81  percent.   Western  redcedar  was  left 
where  it  occurred,  but  not  many  trees  of  this  species  were  present  in  this  study  area. 

Results 
In  the  check  plots,  western  white  pine,  hemlock,  and  grand  fir  grew  at  nearly  the 

same  rates  for  the  first  20  years  after  study  establishment.   Thereafter,  grand  fir 

outgrew  the  white  pine  and  western  hemlock  by  about  0.6  foot  per  year  (fig.  4).   Wliite 

pine's  drop  in  performance  \-ias   partly  attributable  to  blister-rust  infection  and  loss 
of  several  of  the  larger  trees.   As  a  result,  nearly  two-thirds  of  the  codominant  and 
dominant  stand  consisted  of  grand  fir  by  the  end  of  the  period  of  study.   Tlie  western 
redcedar  remained  severely  suppressed  and  few  reached  sapling  size. 

Tlie  high  percentage  of  favored  western  white  pine  that  had  been  left  in  tlie  cleami, 
plots  was  quickly  lowered  by  the  aggressive  regrowth  of  grand  fir  and  western  hemlock. 
Although  the  white  pine  grew  rapidly  and  maintained  nearly  complete  dominance  (fig.  4) 
by  30  years  after  the  cleaning  the  other  two  major  species  had  regained  sufficient 

representation  to  constitute  about  two-thirds  of  all  the  trees  and  one-third  of  the 
total  basal  area.   Again,  in  spite  of  the  preferential  treatment  it  received, 

the  typically  slow-growing  redcedar  was  soon  overtopped. 
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LOWER  SANDS 
CREEK  STUDY 

Establishment 

This  study  was  also  located  in  the  Sands  Creek  drainage,  but  on  the  lower  part  of 

the  northerly  slope.   The  area  was  logged-over  for  western  white  pine  about  1916, 
leaving  a  residual  stand  of  defective  grand  fir  and  western  hemlock.   As  a  result  of 
the  logging  disturbance,  more  than  18,000  seedlings  per  acre,  many  of  them  white  pine, 
became  established.   During  the  following  18  years,  expanding  crowns  of  the  residual 
overstory  trees  reduced  the  average  amount  of  light  available  to  the  seedlings  to  about 
25  percent  of  full  sunlight.   Western  white  pine  still  persisted,  but  the  species  was 

becoming  increasingly  overtopped  by  the  more  shade-tolerant  grand  fir  and  hemlock. 

In  1935,  two  silvicultural  measures  were  employed  on  half  of  .the  area  to  release 
the  white  pine  and  western  redcedar  regeneration  which  then  averaged  about  15  years  old 
First,  the  overstory  was  removed  by  girdling  the  trees  over  20  inches  in  diameter  and 
felling  the  smaller  ones.   Secondly,  competing  grand  fir  and  hemlock  seedlings  were 
removed  by  a  cleaning  operation.   Tfiis  reduced  the  number  of  seedlings  by  80  percent 
to  about  3,500  per  acre.   Neither  overstory  removal  nor  cleaning  was  done  on  the  remain 
ing  half  of  the  area. 

Two  0.1-acre  sample  plots  were  installed  in  each  half  in  1935,  and  these  were 
remeasured  in  1940,  1945,  1950,  1955,  and  1965.   Tree  counts  and  height  measurements 

were  made  each  time.   Beginning  in  1945,  stocking  information  by  1-  and  4-milacre 
quadrats  was  also  obtained. 

Results 

Under  the  heavily-shaded  conditions  of  the  unreleased  check  plots,  western  white 

pine  was  nearly  eliminated  from  the  reproduction  stand  by  suppression  during  the  30-yea 
period  of  observation  (fig.  5).   Even  grand  fir  suffered  considerable  attrition, 
dropping  from  25  percent  of  the  stand  at  the  beginning  of  the  study  to  less  than 
10  percent  at  the  end.   Western  hemlock,  on  the  other  hand,  continued  to  increase  both 

in  numbers  and  size.   Measurements  taken  on  4-milacre  sample  quadrats  revealed  that  ove 

three-fourths  of  the  quadrats  were  dominated  by  hemlock  at  the  last  examination. 
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0.6   inch  d.b.h.    at   10-year  intervals,    by  species.    Lower  Sands  Creek  study. 

Wstern  redcedar  was  poorly  represented  on  these  plots  initially,  and  remained  so.   For 

•t^  first  10  years  after  measurements  were  begun,  sufficient  light  was  transmitted 
tiCough  the  overstory  trees  to  permit  moderate  growth  of  the  young  trees.   Tliereaftcr, 
icreasing  shade  reduced  the  height  increment  of  all  species  to  insignificant  amounts 
(;ig-  6). 

''{   On  the  area  that  received  release  and  cleaning  treatments,  the  numlicrs  of  western 
wljLte  pine  and  western  redcedar  that  had  been  left  remained  about  the  same  for  the  first 

1'  years,  but  western  hemlock  and  grand  fir  again  showed  up  in  striking  numbers  ffig.  7) 
I  is  probable  that  much  of  this  apparent  reinvasion  resulted  from  seedlings  that  liad 

bi;n  ignored  during  the  cleaning  operation.   By  the  end  of  the  SD-year  period  of  study, 
.,wi|;tern  hemlock  and  grand  fir  comprised  2,000  of  the  2,900  trees  per  acre  then  present, 
ifaihough  few  reached  a  position  of  dominance. 

Based  on  heights  of  the  best  trees  of  each  species,  western  white  pine  responded 

y  well  to  the  preferential  cleaning  treatment  and  grew  more  than  twice  as  fast  as 
associates  (fig.  6).   Western  redcedar  was  unable  to  exploit  its  initial  advantage, 

'ely  managing  to  keep  pace  with  grand  fir  and  western  hemlock. 
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DISCUSSION 

The  Tsuga/Pachistima   habitat  type,  within  which  each  of  the  three  study  areas 
occurred,  is  one  of  the  most  productive  habitat  types  of  the  Northern  Rocky  Mountains. 
It  is  also  characterized  by  a  broad  representation  of  tree  species.   Where  advance 
seedlings  or  seed  are  present  after  timber  harvests,  or  seed  sources  remain  within 

range,  natural  regeneration  is  customarily  prompt  and  soon  results  in  heavily  over- 
stocked young  stands  that  may  contain  as  many  as  seven  or  eight  commercially  important 

coniferous  species  in  significant  numbers. 

1 In  areas  where  reproduction  has  become  established  under  partial  cuttings,  the 
density  of  the  residual  overstory  and  the  time  until  it  is  removed  greatly  affect 
reproduction  development.   The  growth  of  intolerant  species  such  as  western  larch, 

Douglas-fir,  and  western  white  pine  is  soon  inhibited  by  as  little  shading  as  that  cast 
by  a  light  shelterwood.   Under  heavily  shaded  conditions  such  as  those  in  the  check 
plot  area  of  the  Lower  Sands  Creek  study,  suppression  mortality  rapidly  reduces  the 

number  of  intolerant  trees.   Even  the  quite  tolerant  grand  fir  suffers  severe  attri- 
tion, eventually  reducing  the  diversity  of  tree  species  available  for  later  selection  oJ 

management  alternatives  simply  to  western  hemlock  and,  perhaps,  western  redcedar.   It 
is  likely,  also,  that  the  high  incidence  of  heartrot  usually  found  in  older  stands  of 

these  tolerant  species  may  be  associated  with  greater  susceptibility  to  injury  and 

infection  during  the  long  period  typically  spent  as  very  slow-growing  subordinate  trees 

Where  reproduction  stands  have  developed  in  clearcuts  or  where  they  have  been 
given  early  release  from  partially  cut  overstories,  cleaning  operations  made  while  the 

stands  are  still  less  than  30  to  35  years  of  age  offer  the  best  opportunity  for  select- 
ing desirable  combinations  and  distributions  of  species.   Postponing  the  reduction  in 

density  to  later  years  may  again  sacrifice  much  in  the  diversity  of  species  that  might 
be  featured  in  management.   This  was  true  in  the  Upper  West  Branch  study  check  plots 
where  western  larch  and  lodgepole  pine  strongly  dominated  the  stand  at  38  years  of  age. 
Any  attempt  then  to  favor  other  species  by  precommercial  thinnings  would  pose  problems 
of  adequacy  of  release;  and  heavy  cutting  of  the  larch  and  lodgepole  pine  would  mean 
the  loss  of  considerable  past  stand  production  that  had  been  concentrated  on  those 
larger  trees.   In  addition,  some  species,  such  as  western  white  pine,  lose  their  abilit 
to  respond  quickly  and  vigorously  when  release  from  heavy  competition  is  delayed  much 
beyond  30  years  (Deitschman  1966) . 
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Early  cleanings,  on  the  other  hand,  are  effective  in  molding  species'  composition 

nly  to  the  extent  that  the  favored  individuals  are  able  to  retain  tlicir  advantage.   It" 
aster  growing  species  reenter  quickly  (or  are  present  as  "missed"  seedlings],  thcv  may 
ivertake  the  leave  stand  before  crowns  of  tlie  latter  close  sufficiently  to  suppress  tlie 
hreat.   This  hazard  becomes  relatively  greater  under  the  following  conditions:  (1)  The 

iounger  the  cleaned  stand,  the  less  is  the  size  and  age  disadvantage  of  potential  new 
Dmpetitors;  (21  the  heavier  the  cleaning  treatment,  the  longer  is  the  time  before 
rowns  of  the  intended  leave  stand  can  cast  effective  shade;  and  (3)  the  greater  the 

dsparity  in  growth  rates  between  slow-growing  leave  trees  and  fast -growing  invaders, 
ne  shorter  is  the  duration  of  cleaning  effectiveness.   As  illustration  of  the  third 

pint,  the  performance  of  released  white  pine  on  the  study  plots  was  strongly  benefited, 
lit  the  limited  response  of  released  western  redcedar  hardly  enabled  it  to  keep  up  witii 
e  other  species  that  reappeared  in  the  understory. 

Of  the  species  on  the  study  areas  that  were  discriminated  against  during  cleaning, 
jjstern  larch  has  most  aggressively  regained  a  dominant  or  codominant  role.   Conversely, 

pdgepole  pine,  once  removed,  does  not  appear  able  to  make  a  significant  reappearance, 
and  fir  became  numerically  important  again  in  tlie  Sands  Creek  study  areas  in  the  years 

ter  cleaning,  but  it  was  unable  to  escape  the  growth-retarding  shade  of  taller  assoc- 
iites .   This  species  is  one  of  the  most  responsive  to  release  from  competition,  so  had 

i   been  given  any  preferential  treatment,  its  growtli  rate  on  these  sites  would  i')robabl\' 
live  about  equaled  that  of  the  western  white  pine. 

Western  hemlock  has  shown  remarkable  ability  to  recover  promptly  and  strongly  in 

'le  stands  from  which  it  ostensibly  was  removed  by  cleaning.   IVliile  these  trees 
f-nerally  remain  in  an  understory  position,  their  density  and  volume  indicate  an 

c'preciable  diversion  of  the  production  capacity  of  the  site  away  from  the  selected 
jtential  crop  trees. 

Since  these  studies  were  started,  western  white  pine  blister  rust  and  the  larch 
csebearer  have  altered  normal  development,  growth,  and  management  potential  of  most 
ritural  stands  in  the  Tsuga/Pachistima   habitat  type  (Ketcham  and  others  1968;  Tunnock 
a|d  others  1969).   Nevertheless,  the  study  results  and  conclusions  are  applicalilc  in 

fiinciple  to  other  young  stands  growing  under  similar  conditions.   The  mixed  composi- 
ton  of  natural  reproduction  typical  of  this  habitat  type  provides  ample  opportunity 

t,  leave  well-distributed  trees  of  several  species  in  the  cleaned  stand;  this  oppor- 
tnity  was  not  fully  utilized  in  the  described  studies.   If  this  were  done,  there 
wuld  be  greater  flexibility  at  the  time  of  future  thinnings  for  further  preferential 
dcisions  about  species  to  be  left. 
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ABSTRACT 

Describes  development  of  a  model  that  can  be  used  to  optimize  the  spacing 
of  work  roads  used  primarily  or  exclusively  for  logging.  Past  methods  have 
not  included  enough  of  the  variables  influencing  cost.  Road  costs  associated 
with  the  effects  of  variables  of  slope  and  difficulty  of  construction  (primarily 
percentage  of  rock  in  the  excavation)  have  not  been  included. 

All  direct  costs  associated  with  roads,  landings,  skidding,  and  yarding 
are  included  in  the  model  to  insure  true  economic  optimization  of  road  and 
landing  spacings. 



INTRODUCTION 

The  timber  industry  generally  has  applied  modern  techniques  of  management  to  such 

things  as  plant  location,  layout,  and  materials  handling.   However,  the  logging  seg- 
ment of  the  industry  lias  been  rather  slow  in  adopting  modern  techniques,  and  there  is 

still  much  room  for  improvement. 

I  In  the  past  several  years,  logging  research  efforts  have  increased  and  some 
improvements  in  logging  and  associated  activities  have  been  realized.  Much  more 
effort  is  needed  before  maximum  efficiency  in  these  areas  can  be  attained. 

j     The  objective  of  this  paper  is  to  develop  a  model  that  includes  work  roads  in 
Ithe  optimization  of  skidding  methods.   A  work  road  is  generally  used  only  for  harvest- 

ing and  is  usually  not  added  to  the  permanent  system.   Although  the  solution  to  this 
model  requires  a  computer,  it  is  known  that  many  modern  loggers  have  either  direct 
or  indirect  access  to  computers  for  payroll  and  accounting  purposes,  or  for  other 
uses,  and  its  use  would  not  present  a  special  problem  for  most  of  the  potential  users. 

Although  it  is  recognized  that  other  constraints  such  as  impacts  on  the  environ- 
ment (i.e.,  where  they  are  significant  and  can  be  adequately  appraised]  could  be  the 

deciding  factors  in  some  cases,  only  the  direct  cost  of  logging  is  included  in  this 
analysis.   It  is  believed,  however,  that  the  model  presented  here  can  be  useful  for 
forest  areas  where  these  environmental  impacts  are  relatively  insignificant.   Also, 
this  model  will  eventually  be  extended  by  our  project  to  include  other  constraints. 



One  of  the  earliest  attempts  to  optimize  the  spacing  of  logging  roads  was 

presented  by  Matthews  (1942)  in  his  text  on  logging.   Lussier  (1961)  showed  how  work 
road  spacings  can  be  optimized  using  some  simplified  models  and  the  mathematics  of 

calculus.   For  the  lesser  slopes  (<20%) ,  these  methods  of  Matthews  and  Lussier  give 
fairly  good  results  when  road  construction  and  skidding  costs  are  available.  Seihei 

Kato's  (1966,  1967)  studies  used  a  similar  method  of  optimization.   His  studies  were 
concerned  with  the  density  of  roads  within  an  entire  forest  area  and  therefore  included 

all  of  the  development  roads.   However,  none  of  these  analyses  consider  enough  of  the 
variables  affecting  cost.   A  more  complete  method  is  needed;  otherwise  the  full 
economic  potential  cannot  be  attained. 

Some  of  the  recent  research  findings  of  Brown  (1967)  and  Carter  (1968)  conducted 

for  and  in  cooperation  with  the  Intermountain  Forest  and  Range  Experiment  Station's 
Forest  Engineering  Research  Laboratory,  Bozeman,  Montana,  provide  the  basis  for  a 
more  complete  analysis  procedure. 

Brown  developed  a  method  of  determining  the  effects  of  selected  variables  on 

the  cost  of  skidding  or  yarding.   Carter  developed  cost  equations  for  the  principal 
variables  that  affect  work  road  costs.   In  this  paper,  data  from  these  two  studies 
are  combined  in  a  model  to  optimize  the  total  harvesting  operation.   A  discussion  of 
the  general  methods  employed  for  each  study  follows. 

Skidding  and  Yarding  Studies 
A  rather  large  volume  of  field  data  on  logging  production  has  been  obtained  in 

the  past  5  or  6  years  for  the  equipment  types  and  site  conditions  of  the  Rocky  Mountain 

area.   Analysis  of  early  studies  established  data-collecting  techniques  and  indicated 
other  variables  that  would  have  to  be  included  in  the  analysis.   In  his  early  studies, 

Brown  (1967)  used  an  analysis  of  variance  technique  developed  by  Draper  and  Smith  (1966) 

called  "backward  elimination  procedure"  to  eliminate  the  less  significant  variables 
and  retain  those  that  would  give  an  adequate  representation  of  production.   The 
variables  of  slope,  distance,  logs  per  thousand  board  feet,  and  timber  stand  density 
are  used  in  most  of  our  prediction  (regression)  equations.   Several  publications  are 
available  from  the  Intermountain  Forest  and  Range  Experiment  Station  in  Ogden,  Utah, 
reporting  on  the  results  of  these  studies  (Gardner  and  Schillings  1969,  Schillings 
1969a,  Schillings  1969b). 

Forest  Road  Studies 

A  variety  of  problems  related  to  the  broad  subject  of  forest  roads  is  being  studied 
at  our  laboratory;  this  includes  design  criteria  both  as  related  to  economics  and  the 
environment,  and  the  economics  of  forest  roads  associated  primarily  or  exclusively 

with  harvesting.   As  studies  progressed,  it  became  apparent  that  we  would  have  to 
include  road  costs  related  to  harvesting  in  the  total  logging  cost.   This  was  done 
by  formulating  equations  to  represent  the  cost  of  each  component.   The  total  cost 
equation  was  then  optimized  (cost  minimized)  by  use  of  calculus.   A  description  of 
how  this  was  done  follows. 



OPTIMUM  ROAD  SPACINGS 
FOR  HARVESTING 

The  development  of  cost  equations  required  the  identification  of  all  of  the 

j component  costs  involved  and  the  variables  affecting  these  costs.   The  objective 

'was  to  obtain  the  minimum  cost  of  log  removal  as  a  function  of  the  controllable 
system  variables. 

In  every  case,  the  removal  of  logs  involves  several  processes  including: 

Roads  and  Layidings: 

1.  Moving-in  of  construction  equipment 

2.  Planning  and  la>'out  of  roads  and  landings 

3.  Construction  of  roads 

4.  Constmction  of  landings 

Skiddina  or  Yarding: 

1.  Moving  of  skidding  equipment 

2.  Setting  up  of  equipment  for  each  operation 

3.  Skidding  of  logs 

The  costs  associated  with  the  activities  listed  above  are  the  function  of  several 
variables.   These  costs  and  variables  are  listed  below: 

I.   Cost   to  move   in  construction  equipmeyit 

C  =  function  of: 

1.  Distance  moved 

2.  Type  of  equipment  moved 

3.  Moving  method  used 



II.    Cost  to  plan  and  lay  out  roads 

C     =   function  of: 

1.  Planning  and  layout  method 

2.  Cost  of  men  and  materials 

3.  Productivity  of  the  men 

4.  Length  of  road  =  function  of: 

a.  Road  spacing 

b.  Total  area 

III.  Cost  of  road  aonstruation 

C  =  function  of: 

1.  Cost  of  equipment  (owning  and  operating,  including  cost  of  operators) 

2.  Production  rate  of  equipment  =  function  of: 

a.  Sidehill  slope 

b.  Percent  rock  in  excavation 

3.  Amount  of  road  required  =  function  of: 

a.  Road  spacing 

b.  Road  width 

IV.    Cost  of  switahbaak  construction 

C.   =   function  of: 4 

1.  Cost  of  equipment  (owning  and  operating,  including  cost  of  operators) 

2.  Production  rate  of  equipment  =  function  of: 

a.  Sidehill  slope 

b.  Percent  rock  in  excavation 

3.  Switchback  size  =  function  of: 

a.  Radius  of  switchback 

b.  Road  width 

c.  Backslope  of  cut 

4.  Number  of  switchbacks  =  function  of: 

a.  Road  spacing 

b.  Distance  between  switchbacks 



il 

'I, 

V.  Cost  of  landing  aonstruation 

C;.  =  function  of: 

1.  Cost  of  equipment  (owning  and  operating,  including  cost  of  operators) 

2.  Production  rate  of  equipment  =  function  of: 

a.  Sidehill  slope 

b.  Percent  rock  in  excavation 

3.  Landing  size  =  function  of: 

a.  Timber  volume  per  unit  area 

b.  Landing  spacing 

c.  Road  spacing 

4.  Number  of  landings  =  function  of: 

a.  Landing  size 

b.  Volume  of  timber  per  unit  area 

VI.  Cost  to  move  in  skidding  equipment 

C.    =  function  of: 
D 

1.  Distance  moved 

2.  Type  of  equipment  moved 

3.  Moving  method  used 

Vll.  Cost   to  set  up  skidding  equipment 

C  =  function  of: 

1.  Skidding  method 

2.  Setup  time 

3.  Number  of  setups  =  function  of: 

I  a.   Road  spacing 

I  b.   Distance  between  setups 

VIII.  Cost  of  skidding 

C  =  function  of: 
o 

1.  Cost  of  skidding  equipment  (owning  and  operating,  including  cost  of 
operators) 

2.  Volume  of  timber  per  unit  area 



3.   Productivity  of  equipment  -   function  of: 

a.  Sidehill  slope 

b.  Number  of  logs  per  turn 

c.  Size  of  the  logs  (in  logs/MBF  ) 

d.  Distance  skidded  to  road 

The  above  variables  are  summarized  in  table  1,  showing  the  functional  relation- 
ship and  cost  factors.   The  symbols  used  for  each  variable  are  also  given. 

The  optimization  of  log  removal  required  the  consideration  of  two  general  cases 
(fig.  1).   The  first  case   involves  harvesting  a  stand  of  timber  that  is  accessible  by 
contour  work  roads  extending  from  an  existing  primary  road  (in  the  Rocky  Mountain 
area,  this  is  usually  a  climbing  road),  and  the  seoond  case   involves  the  construction 
of  work  roads  that  switch  back  and  forth  across  the  area  to  be  harvested. 

The  first  case   is  the  simplest  because  the  cost  of  switchbacks  doesn't  need  to  be 
considered  in  the  total  cost  equation.   The  second  case ,    which  includes  switchbacks, 
will  be  used  in  this  analysis.   IVhen  the  model  is  used  for  the  nonswitchback  case,  thi 
cost  factor  can  be  removed. 

The  development  of  the  eight  cost  equations  will  not  be  discussed  here  because  of 
the  lengthy  details  and  space  required  for  complete  understanding.   However,  these 
equations  are  listed  below.   All  costs  are  converted  to  a  common  unit  of  dollars  per 
one  thousand  board  feet  ($/MBF) .   All  distance  measurements  are  in  horizontal  units. 

Values  for  productivity  of  construction  equipment  and  productivity  coefficients  were 
derived  from  past  records  and  studies. 

Cost  Equations 

C  -  Move-in,  construction  C  =  Nc/AV 

C  -  Road  planning  and  layout         C  =  43,560  Dm/ Pm  Fm  XV 

Dc  Hr/Pc  FV> 

43,560  Dc  Hr 

C  -  Road  construction  C  =  43,560  Dc  Hr/Pc  FVX 

C  -  Switchback  construction         C.  =  — 

Pc  VXF  Zb+X{(s2/Mx2)-1}'2 

^   200  Dc  Hr Pc  F 

C  -  Landing  construction  C  =  43,560  Dc  Hl/Pc  VXY 

C  -  Move-in,  skidding  C  =  Ns/AV 

C   -  Setup,  skidding  C   ==  43,560  Ds  Sp/Zs  \0( 

C  -  Skidding  C  =  [Dc/Ps  Vc]  [a^ +a2S+a3VcLv+ai+ 
^  ^   (dav.)] 

HlBF  =  1,000  board- foot  measure,  log  scale. 



Table   \  .--Relationship   of  sifstem  variables   to   -Jost 

Symbol Variable  description Units 

A 

Dc 

Dm 

Ds 

F 

Fm 

HI 

Hr 

Le 

Lv 

Mx 

N'c 

Ns 

Pc 

Pm   ■ 

Ps 

Ro 

S 

Sp 

V 

Nc 

I 
I 

IVl 

f 
Y 

Zb 

Zs 

iav. 

a 
1,2,3,4 

Total  logging  area  acres 

Construction  method  cost  $/hr. 

Layout  method  cost  $/hr. 

Skidding  method  cost  $/hr. 

Productivity  (construction)  yd.  Vhr. 

Productivity  (layout)  ft./hr. 

Excavation/landing  yd. /landing 

Excavation/ft.  of  road  yd./ft.-rd 

Landing  length  feet 

Number  logs/volume 
of  timber  logs/MBF 

Maximum  road  grade  decimal  % 

Move-in  cost  (construction)  $/move 

Move-in  cost  (skidding)  $/move 

Productivity  coef.  (const.)  none 

Productivity  coef.  (layout)  none 

Productivity  coef.  (skid)  none 

Percent  rock  in  excavation  decimal  % 

Slope  of  sidehill  decimal  % 

Time/setup  (skidding)  hr. /setup 

Timber  volume/horiz .  area  MBF/acre 

Volume/skidding  cycle  MBF/cycle 

Road  width  feet 

Landing  width  feet 

Road  spacing  feet 

Landing  spacing  feet 

Level  road/switchback  feet 

Distance  between  setups  feet 

Average  skidding  distance  feet 

Regression  coefficients  none 



FIRST  CASE SECOND  CASE 

Figure  1. — Sohematia  of  work  road  configurations  for  optimum  spacing 

The  above  expressions  were  summed  into  a  total  cost  equation  C  =  ̂ C,_n  that 
represents  the  average  cost  in  dollars  to  remove  one  thousand  board  feet  of  timber 
from  an  area.   The  objective  is  to  be  able  to  select  the  construction  and  skidding 

methods  that  give  a  minimum  value  of  total  cost  (C^).   The  minimum  value  of  C^  occurs 
at  some  unique  value  of  road  spacing  or  some  unique  combination  of  values  for  road  and 
landing  spacing.   The  first  step  in  finding  the  optimum  combination  of  methods  is  to 
find  the  layout  or  spacing  that  yields  minimum  cost  for  each  possible  combination. 
Then  the  combination  that  gives  minimum  total  cost  can  be  identified. 

Because  the  objective  was  to  find  the  optimum  spacing  of  roads  and  landings,  the 
partial  derivatives  for  X  (road  spacing)  and  Y  (landing  spacing),  when  each  equation 
was  set  to  zero,  were  taken  for  the  case  of  landings  and  no  landings.   This  was  done 
first  for  the  case  with  no  landings.   The  two  equations  were  solved  simultaneously, 
using  iteration,  to  find  the  road  and  landing  spacings  that  gave  the  minimum  total  cos 
of  logging.   An  electronic  computer  was  used  for  the  solution;  the  flow  diagram  (fig. 
shows  how  this  solution  is  obtained.   The  computer  program  is  in  Fortran  language 

written  for  an  XDS  Sigma  7  computer.^ 

^The  Fortran  program  is  available  from  the  Forestry  Sciences  Laboratory  located  or 
the  campus  of  Montana  State  University  at  Bozeman. 
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Example  of  Use 
Use  of  the  model  developed  in  this  paper  will  be  illustrated  by  an  example  that 

is  a  typical  situation  in  the  northern  Rocky  Mountains.   Also,  it  should  be  remembered 
that  this  model  shares  a  common  characteristic  with  any  other  model  in  that  the  results 

vary  in  direct  proportion  to  the  reliability  of  the  inputs.   For  this  example  we  will  " 
use  the  following  values: 

Terrain  and  Stand  Characteristics:^ 

Ro,  percent  rock  in  excavation  (decimal  %)  =0.20 
S,   sidehill  slope  (decimal  %)  =    0.40 
V,   timber  volume  density  in  MBF/acre  =   20.0 
Zb ,  level  road  in  ft.  per  switchback  =   5,000 
Lv,  log  size  in  logs/MBF  =   10.0 
A,   size  in  acres  of  total  logging  site  =   500.0 
Mx,  maximum  road  grade  (decimal  %)  =0.06 

Nc,  cost  in  dollars  to  move-in  construction  equip.  =  $500.00 
Ns ,  cost  in  dollars  to  move-in  skidding  equip.  =  $400.00 

A  large  crawler  tractor  equipped  with  a  ripper  tooth  will  be  used  for  road  con- 
struction.  The  equipment  and  layout  are  as  follows: 

Layout: 

Dm,  cost  of  two-man  crew  in  $/hr.  =  $10.00 

Pm,  coefficient  of  production  of  layout  crew  =   0.75 
Fm,  productivity  of  layout  crew  in  ft./hr.  =  500.0 
W,   road  width  in  feet  without  landings  =   16.0 
W,   road  width  in  feet  with  landings  =   12.0 
Wl ,  landing  width  in  feet  =  30.0 
Le,  length  of  landings  in  feet  =  100.0 

Construction  Equipment: 

Pc,  productivity  coefficient  of  equipment  =   0.8 
Dc/F,  average  cost  of  excavation  in  cu.  yd.  =  $0.21 

Two  methods  of  skidding  will  be  evaluated--a  medium  crawler  tractor  (61-80  DBHP) 
and  a  large  crawler  tractor  (110-130  DBHP). 

Skidding  Equipment: 

Ds ,  cost  in  $/hr.  to  operate  medium  tractor  =  $14.00 
Ds ,  cost  in  $/hr.  to  operate  large  tractor  =  $16.00 
Ps ,  productivity  coefficient  for  both  methods  =   0.75 
Sp,  time  in  hrs .  to  set  up  the  equipment  =   0.0 
Zs ,  distance  in  feet  between  setups  =   0.0 
Vc,  volume  in  MBF/cycle  of  medium  crawler  =   0.7 
Vc ,  volume  in  MBF/cycle  of  large  crawler  =   1.0 

k 

^All  symbols  are  defined  in  table  1, 
DBHP  =  Drawbar  horsepower. 
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'degression  Coeffioient  for  Skidding  Equipment:    (from  Brown  (1967)1 

Medium  Crawler: 

ai  =  0.10518 
82  =  0.00201 
a3  =  0.01257 
a^  =  0.00027 

Large  Crawler: 

ai  =  0.10736 
a2  =  0.00133 
as  =  0.01502 
ai+  =   0.00048 

The  computer  output  for  this  example  follows  (table  2),  showing  that  the  most 

conomic  cost  method  is  a  medium  skidding  crawler  and  road  spacing  of  675  feet,  with- 
ut  landings.   This  solution,  then,  is  the  optimum  for  the  conditions  in  the  example, 

Table  2. --Results   of  skiddinq  evaluatioyi 

onstruction Skidding 
NO LANDINGS LANDINGS 

Cost Horizontal Cost   : Horizontal  : 

Landing 

method method 

$/MBF 

road 

spacing $/MBF   : 
road    : 

spacing   : 

spacing 

Feet 

  Feet 

^Large 
Medium 

rawler Crawler 11.0020 675 11.0751 
775 

850 

Large Large 

rawler Crawler 12,4045 575 12.6840 675 

750 
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CONCLUSIONS 

Modem  management  techniques  to  reduce  the  cost  of  logging  have  been  used  rather 
sparingly  by  the  logging  industry  to  date,  compared  with  most  other  industries.   It  he 
been  demonstrated  here  that  they  are  useful  techniques  and  can  be  employed  to  effect 
maximum  savings  (or  minimize  cost)  for  logging  operations. 

The  use  of  these  methods  does  not  require  complete  understanding  of  the  mechanic: 
of  development  of  the  model,  but  only  the  correct  application.  The  example  presented 
in  this  paper  illustrates  this. 
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ABSTRACT 

Three  of  the  most  common  fire  retardant  formulations — Phos-Chek  XA,  Fire-Trol  100, 
and  Fire-Trol  931  (Liquid  concentrate),  in  addition  to  water — were  dropped  from  a  TBM 
air  tanker  under  various  conditions  to  determine  the  effect  that  thickening  agents,  wind- 
speed  and  direction,  drop  height,  and  aircraft  speed  would  have  on  ground  distribution 

patterns.  Seventy-four  drops  were  made  over  820  cups  in  a  grid  system.  The  cups 
were  collected,  weighed,  the  concentration  in  gallons  per  100  square  feet  computed  and 
summarized,  and  a  computer  plot  of  the  ground  distribution  patterns  printed. 

Drop  height  and  windspeed  were  consistently  the  strong  variables  in  models  that  were 
used  for  predicting  ground  distribution  patterns  of  all  retardants.  Covariance  analysis 

of  the  models  indicated  that  the  greatest  real  differences  existed  between  gum-thickened 
Phos-Chek  XA  and  the  remaining  retardants.  The  area  of  effective  coverage,  the 

length  of  effective  coverage,  and  retardant  recovery,  all  tended  to  decrease  for  Fire- 
Trol  100,  Fire-Trol  931,  and  water,  in  that  order.  Predicted  values  of  effective  areas 
as  a  function  of  height,  wind,  and  concentration  are  calculated  from  the  mathematical 
model  for  each  retardant.  Predictions  of  recovery  are  given  as  a  function  of  height 
and  wind. 

The  greater  total  recovery  and  more  concentrated  patterns  for  Phos-Chek  XA  are 
attributed  to  a  greater  cohesiveness  when  subjected  to  airstream  shearing  forces. 

The  result  is  larger  mean  droplet  sizes  when  terminal  velocity  is  reached.  This  phe- 
nomenon results  in  shorter  drop  times  and  less  evaporation  losses  for  Phos-Chek  XA 

than  for  other  materials. 

Within  the  range  tested  (93  to  127  knots),  the  effect  that  aircraft  drop  speed  had  upon 

ground  distribution  patterns  was  small  and  quantitatively  fell  within  uncontrolled  varia- 
tions of  the  data.  The  maximum  effective  drop  speed  for  the  TBM  is  probably  near  the 

maximum  safe  drop  speed  of  145  knots. 

Maximum  effective  drop  heights  depend  on  the  particular  fire  situation.  However, 
assuming  a  particular  effective  concentration,  the  optimum  height  for  any  wind  can  be 
determined  from  prediction  tables  developed  from  the  mathematical  model  for  each 

retardant.  In  general,  under  low  wind  conditions  (<6  m.p.h. ),  the  optimum  drop  height 
is  between  150  feet  and  300  feet.  Many  drops  under  these  conditions  are  currently  being 

made  at  drop  heights  below  this  range;  thus,  it  appears  that  some  advantage  in  effec- 
tiveness and  safety  can  be  attained  by  raising  drop  heights  under  such  situations. 

This  study  provides  the  basic  data  from  which  trade-off  studies  between  retardant  salt 
content  and  effective  areas  can  be  performed.  Optimum  retardant  salt  contents  for  both 
thickened  and  unthickened  retardants  can  then  be  established.  The  basic  data  can  also 

be  utilized  in  drop  mechanization  studies  designed  to  improve  either  the  retardant 
solution  or  the  delivery  systems. 



INTRODUCTION 

The  Problem 

More  than  100  million  gallons  of  fire  retardant  have  heen  dropped  on  forest  and 

"angeland  fires  by  fire  control  agencies  througliout  the  United  States  in  the  last  10 
^ears.   In  1970,  nearly  17  million  gallons  of  fire  retardant  were  aerially  applied  l)y 
just  three  of  these  agencies--the  USDA  Forest  Service,  Bureau  of  Land  Management,  and 
California  Division  of  Forestry.   The  cost  of  17  million  gallons  of  retardant  is 

ipproximately  $3.5  million.   When  mixing  and  delivery  costs  are  added,  a  cost  of  $20 
nillion  is  a  reasonable  estimate.   This  type  of  expenditure  warrants  information  to 
issure  that  the  retardants  are  being  most  efficiently  used  for  given  fuel,  fire,  and 
irop  situations. 

I    The  effectiveness  of  fire  retardant  chemicals  is  related  to  the  amount  and  t>7)c 
)f  salt  and  to  the  total  surface  area  of  the  fuel  coated  (George  and  Blakely  1972). 
)epending  on  the  fuel  and  fire  characteristics,  it  may  be  desirable  to  deposit  the 
:hemicals  on  a  certain  portion  of  the  fuel.   For  example,  when  fire  is  sjircading 

'-hrough  aerial  fuel,  the  aerial  fuel  should  be  most  heavily  coated.   I'or  ground  fires, 
:>enetration  to  and  coating  of  the  ground  fuel  is  the  primary  objective.   That  ]iortion 
)f  the  total  fuel  complex  primarily  contributing  toward  fire  spread  fi.c.,  the  critical 

aiel)  should  be  uniformly  coated  for  maximum  retardant  effectiveness,   'llie  retardant 
"ihysical  and  chemical  characteristics  that  may  provide  optimum  retardancy  in  one  type 
)f  fuel  and  fire  situation  may  not  provide  the  optimum  retardancy  in  another  t>qx"  of 
ruel  and  fire  situation.   Because  the  critical  fuel  can  be  nearly  any  segment  of  tlic 

iCOtal  fuel  complex,  it  may  be  desirable  to  evenly  coat  all  the  fuel  within  the  complex, 
rhus,  the  aerial  application  of  fire  retardants  can  be  divided  into  two  broad  problem 
ireas : 

1.  Delivery  of  the  chemical  from  the  aircraft  to  the  fuel  complex,  and 

2.  Distribution  of  the  chemical  within  the  fuel  complex. 



The  delivery  and  distribution  of  a  retardant  are  related  to  the  rheological^  (or 
physical)  properties  of  the  retardant  solution.   A  highly  viscous  and/or  cohesive 
retardant  that  has  been  formulated  to  minimize  delivery  loss  may  not  adequately  flow 
and  cover  or  coat  the  fuel.   On  the  other  hand,  a  retardant  formulated  for  low  viscosit 

and/or  cohesion  to  maximize  coverage  and  coating  of  the  fuel  may,  before  reaching  the 

fuel,  erode^  and  dissipate  in  the  form  of  a  near  aerosol.  This  indicates  the  probable 
existence  of  physical  and  chemical  properties  that  will  maximize  the  efficiency  of 
aerially  applied  retardants. 

This  study  is  devoted  primarily  to  the  methods  and  equipment  used  to  deliver 

currently  used  fire  retardants  from  aircraft  to  fuel  complex.   Previous  studies  de- 
signed to  determine  the  ground  distribution  patterns  of  various  products  have  been 

conducted  under  optimum  experimental  conditions--calm  or  very  low  wind  and  low  drop 
heights  (approximately  100  feet  aboveground)  (Johansen  and  Shimmel  1967;  Grigel  1970; 

MacPherson  1967;  Storey  and  others  1959;  Davis  1959).   Usually,  under  actual  opera- 
tional conditions,  the  topography,  canopy  heights,  and  general  aircraft  maneuverabilit) 

and  safety  requirements  dictate  an  increase  in  drop  heights.   Thus,  range  of  conditions 
for  effective  drops  using  various  types  of  retardants  has  not  previously  been  defined. 

Objectives 
The  objectives  of  this  study  were: 

1.  To  determine  the  effect  of  thickening  agents  on  drop  characteristics  by 
quantifying:  the  area  covered  at  various  concentration  levels,  the  total  area  covered, 
and  the  amount  of  retardant  reaching  the  ground. 

2.  To  determine  the  effect  of  drop  height,  aircraft  speed,  and  wind  on  drop 
characteristics . 

3.  To  determine  maximum  effective  drop  heights  as  related  to  drop  speed  and  wind. 

4.  To  determine  whether  the  salt  content  of  unthickened  retardants  can  be  ad- 

justed to  provide  the  same  amount  of  active  salt  on  the  ground  as  provided  by  thickenec 
retardants. 

5.  To  provide  data  necessary  for  the  correlation  and  development  of  an  adequate 
model  for  studying  drop  characteristics  as  a  function  of  known  rheological  properties 
and  types  of  gating  and  tank  systems. 

Test  Location 

The  site  for  conducting  the  fire  retardant  drop  tests  was  established  at  Porter- 
ville,  California,  because  of  its  excellent  facilities  and  favorable  climate  for  test 

drops  made  between  November  16  and  December  4,  1970.   The  Porterville  Municipal 

Airport  (444  feet  m.s.l.)  is  the  location  of  a  cooperative  USDA  Forest  Service- 
California  Division  of  Forestry  air  attack  base.   The  loading  facilities  were  suitable 
for  dual  use;  therefore,  the  drop  tests  would  not  have  hindered  normal  operations  if 
fires  had  occurred. 

■'Rheology,  the  science  of  the  deformation  and  flow  of  material,  is  primarily 
concerned  with  deformation  of  cohesive   bodies  and  their  stress-strain-time  relationship 
As  the  term  is  used  here,  cohesion  refers  to  the  sticking  together  of  particles 

or  drops  to  maintain  a  homogeneous  mass.   Rheologic  properties  should  be  differentiate: 
from  viscous  properties  in  that  the  viscosity  of  a  retardant  solution,  as  normally 

measured  at  a  single  rate  of  shear,  is  only  one  rheologic  parameter  and  does  not  com- 
pletely define  the  cohesiveness  of  a  material. 

^The  term  "erode"  or  "erosion"  is  used  throughout  the  paper  to  describe  the  procc 
of  deterioration  or  wearing  away  of  the  retardant  mass  into  smaller  droplet  size  par- 

ticles by  airstream  shearing  forces. 



EXPERIMENTAL  DESIGN 

AND  TESTING  PROCEDURES 

Primary  Variables 

The  factors  which  determine  the  ground  distribution  pattern  of  a  given  aerial 
,ire  retardant  drop  are: 

1.  Tlie  physical  and/or  chemical  properties  of  the  fire  retardant. 

2.  The  size  of  the  retardant  drop  and  the  physics  of  its  release. 

3.  The  position  of  the  retardant  load  over  the  drop  area  when  it  is  released. 

4.  The  environmental  conditions  at  the  time  the  drop  was  made,  e.g.,  temperature, 
jimidity,  windspeed,  and  wind  direction. 

A  review  of  the  objectives  of  the  study  and  the  variables  affecting  the  ground 
Lstribution  pattern  indicates  that  the  study  goals  could  best  be  met  by  using 
arrently  formulated  fire  retardants  and  a  presently  used  aircraft  having  a  load 
ipacity  that  is  no  less  than  the  minimum  increment  usually  dropped. 

he  Chemicals 

\        Three  fire  retardant  formulations  currently  account  for  over  99  percent  of  the 

etardant  being  aerially  applied  from  fixed-wing  aircraft--Fire-Trol®  100,  Phos-Chek® 
\,   and  Fire-Trol®  931  (liquid  concentrate  or  LC) .   The  nature  of  these  products  and 
le  inclusion  of  water  in  the  study  as  a  standard  provide  two  essentially  unthickened 
roducts  and  two  thickened  retardants. 

'    The  standard  mixing  proportions  and  related  physical-chemical  properties  were 
3t  as  goals  for  the  chemicals  used  in  the  study.   Table  1  provides  a  description 

f  the  physical -chemical  characteristics  of  these  fire  retardants  fdeorge  1971b). 
ae  composition  of  each  formulation  is  given  in  table  3  of  the  Appendix  (George  1971a). 
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The  chemicals  were  mixed  using  retardant  mixing  equipment  and  procedures  that  would 

insure  the  maximum  quality  control.   Phos-Chek  XA  was  mixed  using  a  portable  air  slide 
hopper  and  a  Monsanto-Hamp  eductor  type  mixer  (fig.  1).   The  Phos-Chek  was  mixed  in 
two  batches  and  stored  in  a  10,000-gallon  tank.   The  Fire-Trol  100  was  mixed  in  a 
high-shear  CDF  type  batch  mixer  and  transferred  to  a  5,000-gallon  holding  tank.   Fire- 
Trol  931  (LC)  was  mixed  using  a  proportioner  on  the  suction  side  of  a  llomelite®  pump 
and  the  diluted  material  was  transferred  to  a  5,000-gallon  holding  tank  where  it  could 
be  circulated  prior  to  use.   (IVhen  Fire-Trol  931  is  diluted  to  a  4:1  ratio,  tlic  coloring 
and  clay  will  separate.)   This  procedure  of  mixing  large  amounts  of  each  chemical  and 

placing  them  in  holding  tanks  permitted  the  changing  of  the  chemical  and  physical  prop- 
erties if  specifications  were  not  met  (fig-  2). 

The  storage  of  all  three  mixed  retardants  simultaneously  allowed  random  selection 
of  any  product  at  any  time  during  the  tests.   After  the  selection  had  been  made,  the 
fill  lines  were  flushed  with  water  and  then  with  the  retardant  to  be  loaded.   From  each 

batch  delivered  to  the  aircraft  samples  were  taken  either  from  the  end  of  the  loading 
hose  or  the  overflow  valve  on  the  aircraft  tank. 

1 
-*"-■  *...... 

FigiiV:. 

/;■ 

::L^ing   operation  using  a  Monsanto-Hamp  eductor  mixer. 

5 



Figure  2. — Loading  Fire-Trot  931    (LC)   into  the  TBM  from  a  holding  tank. 

Aircraft,   Tank,    and  Gating 

In  accordance  with  study  objectives  and  aircraft  requirements,  and  also  consideri 

availability  and  cost,  a  TBM  "Avenger"  was  selected.  The  TBM  has  a  total  capacity  of 
600  gallons  contained  in  two  compartments  (USDA  Forest  Service  1960).  The  contents  of 

these  compartments  may  be  dumped  separately  or  together,  at  the  pilot's  option.   Excep 
for  TBM  drops,  the  current  drops  are  usually  incremental  in  units  of  500  gallons  or 

more;  therefore,  it  was  decided  "salvo"  or  600-gallon  drops  would  be  made.   To  accom- 
plish this,  the  pilot  simultaneously  actuates  two  buttons  on  the  stick.   To  assure 

that  the  opening  of  both  gates  was  synchronized,  the  switches  were  wired  in  common. 
Dimensions  of  the  tank  and  gate  opening  are  shown  in  figure  3. 

The  study  provided  a  detailed  characterization  of  the  drop  performance  of  this 
particular  aircraft,  tank,  and  gating  system;  this,  however,  is  not  of  primary  interej 
for  the  TBM  in  this  study  served  only  as  a  convenient  vehicle  to  deliver  the  differeni 
retardants  under  preselected  conditions.   It  is  assumed  that  similar  differences  in 
retardants,  resulting  from  different  chemicals,  drop  heights,  speeds,  etc.,  would  be 
found  if  drops  were  made  from  other  types  of  aircraft  having  conventional  gating. 



-^9  -,U~.7   '     -  9 ■33 

VOLUME:   600  U.S.  GALLONS 

fTWO  300-GAL.  COMPARTMENTS) 
GATING:   TWO  GATES 

DOORS  10  IN.  BY  138  IN. 
OPENING  9  IN.  by  137  IN. 

VENTS : 
TWO  5- IN. -DIAMETER  PORTS 

(39.2  IN. 2) 

Figure  2.--Dime-nsions   of  TBM  tank  and  gate  opening. 

Drop  Conditions 

I  Drop  heights  of  between  100  and  300  feet  were  selected  because  these  are  the  drop 
heights  usually  encountered  under  actual  operational  conditions.   The  aircraft  speeds 
were  kept  between  90  and  145  knots  for  safe  operation  of  the  TBM  (USDA  Forest  Service 
and  U.S.  Army  1962).   Because  the  range  was  rather  limited,  a  low  airspeed  of  100  knots 

,  and  a  high  of  125  knots  were  desirable. 

\i  Although  it  is  not  of  primary  interest  to  this  study,  the  attitude  of  the  aircraft 

.''.  |at  the  time  of  retardant  release  is  an  important  variable  because  it  has  a  direct  effect 
on  the  trajectory  of  the  drop,  duration  of  drop,  and  thus  drop  dispersion  and  erosion. 
This  variable  is  difficult  to  determine  but  to  minimize  the  effect  of  attitude,  a 

flight  pattern  was  selected  so  that  altitude  and  speed  were  attained  far  in  advance  of 

the  drop  area,  thus  insuring  that  the  attitude  would  be  similar  for  all  drops  at  the 
time  of  release. 

I     The  windspeed  and  wind  direction  were  considered  to  be  of  extreme  importance  even 

^.jthough  the  opportunity  to  select  these  variables  was  limited.   The  drop  area  was 

'.'. 'oriented  at  a  right  angle  to  normal  winds  for  the  area  and  time  of  year  so  as  to  attain 
'■"'maximum  crosswind  effects.   The  humidity  and  temperature  were  thought  to  be  of  much 
J  llesser  importance,  but  were  monitored  at  the  time  of  tlie  drop  and  considered  as 

independent  variables  in  the  analysis. 



The  Test  Matrix 

As  previously  discussed,  a  large  number  of  variables  were  present;  thus,  if  the 
study  were  to  be  done  using  a  reasonable  number  of  drops,  some  subjective  decisions 
had  to  be  made  concerning  the  importance  of  each  variable.   A  diagram  of  the  general 
test  matrix  that  provides  the  best  detail  on  the  primary  variables  (aircraft  height, 
speed,  and  wind)  for  each  of  the  four  retardants  is  given  in  figure  4. 

Using  this  test  matrix,  and  a  factorial  combination  of  treatments,  the  minimum 

number  of  drops  that  could  be  made  (no  replications)  would  be  72  (four  retardants  ^ 
three  heights  x  two  speeds  x  three  winds).   This  type  of  design  lends  itself  to  a 
multiple  regression  analysis  wherein  expected  main  effects  and  interactions  can  be 

evaluated  along  with  the  effects  of  uncontrolled  variables  such  as  humidity,  tempera- 
tures, wind  direction,  and  retardant  viscosity  and  density. 

RETARDANTS 

PHOS-CHEK    XA 

FIRE-TROU     100 

FIRE-TROL    93r     (LC) 

WATER 

AIRCRAFT  SPEED 

AIRCRAFT  HEIGHT 

100    KNOTS 

125    KNOTS 

WINDSPEED 

Figure   4. --Test  matrix  for  the  drop  pattern  evaluation. 



Measurements 

Retardant  Properties 

Prior  to  each  drop,  retardant  samples  were  taken  from  the  aircraft  and  immediately 
analyzed  for  salt  content  using  the  field  method  for  salt  content  determination 

1  (George  1971b).   In  addition,  the  viscosity  of  each  sample  was  measured  usini;  a 

I Brookfield  Viscometer  Model  LVF  at  60  r.p.m.  (National  Fire  Protection  Association 
1967;  George  and  Hardy  1966).   A  sample  of  this  material  was  bottled  and  returned  to 
the  laboratory;  the  density  was  measured  using  a  pycnometer,  and  tlie  salt  content 
was  chemically  determined  using  the  Kjeldahl  method  of  analysis  (USDA  Forest  Service 
1969,  1970).   The  properties  of  the  retardant  used  for  each  drop  and  the  means  for 
all  drops  are  given  by  product  in  Appendix  tables  4,  5,  and  6. 

The  salt  content  and  density  were  determined  from  retardant  samples  taken  at  random 

from  cups  in  the  grid,  following  their  weighing.   Tiie  amount  of  salt  present  lie  fore 

and  after  the  drop  v\'as  used  to  calculate  the  amount  of  water  lost  in  the  few  minutes 
prior  to  capping  each  sample  and  through  evaporation  during  the  drop.   Blank  samjiles 

monitored  in  the  laboratory  under  controlled  conditions  indicated  that  only  insignifi- 
cant evaporation  occurred  from  the  cups  between  the  time  of  the  drop  and  the  weighing 

of  the  cups.   Appendix  tables  4  through  6  show  the  percent  of  increase  in  salt  content 
due  to  evaporation,  the  corresponding  water  loss  in  gallons,  and  the  percent  of  the 
original  retardant  dropped  that  was  lost  due  to  evaporation.   It  should  be  noted  that 
the  salt  content  for  each  retardant  is  expressed  in  the  form  (compound)  in  which  it 
occurs  prior  to  mixing  or  dilution.   Thus  the  percentages  should  not  be  used  to  reflect 
comparisons  of  combustion  retarding  effectiveness. 

Environmental  Considerations 

The  wind  was  considered  to  be  the  primary  environmental  variable  affecting 
distribution  of  retardant  on  the  ground.   A  station  for  measuring  wind  was  positioned 

i  about  100  feet  from  the  drop  area.   A  Beckman  and  Wliitley  wind  system  (Model  101)  was 
used  to  monitor  windspeed  and  wind  direction  at  the  standard  20  feet  above  ground 

surface.   Both  parameters  were  recorded  on  Esterline-Angus  recorders  at  a  chart 
speed  of  0.2  inch  per  second.   Depending  upon  drop  height,  this  provided  fairly 

good  detail  of  windspeed  and  direction  for  the  5-  to  30-second  period  during  whicli 
the  retardant  fell  to  the  ground.   An  event  marker  denoted  the  time  that  gates  were 
opened  and  retardant  released. 

Also,  a  less  sensitive  recording  wind  system  (Meteorology  Research,  Inc.,  Model 
400)  was  positioned  near  the  drop  zone  to  record  temperature  in  addition  to  speed  and 
direction  of  wind.   Both  wind  systems  were  oriented  in  relation  to  the  drop  area  and 

expected  flight  path  in  such  a  manner  that  a  tailwind  would  be  from  0°,  a  headwind  from 
180°,  and  a  crosswind  at  right  angles  to  the  flight  path  from  90°  and  270°.   For  the 
analysis,  the  wind  direction  was  reduced  to  a  range  of  0°  to  1S0°  left  or  right  because 
the  effect  of  a  crosswind  from  either  side  at  the  same  angle  had  an  identical  effect. 

I     The  average  speed  and  direction  of  wind  during  each  drop  was  determined  by  equal- 
izing the  area  above  and  below  a  superimposed  average  line. 

Figure  5  shows  typical  windspeed  and  direction  traces  and  method  of  determining 
the  average.   This  type  of  treatment  allows  a  more  precise  look  at  the  two  parameters 
if  it  becomes  necessary  during  the  analysis. 

I     In  addition  to  being  obtained  from  our  instruments,  prevailing  windspeed  and 
direction  were  also  obtained  from  two  nearby  U.  S.  Weather  Bureau  Stations;  liuiiiidity 
was  obtained  only  from  these  two  Stations. 



Figure  5. — Windspeed  and 
direction  for  drop 
shouing  the  method 
of  averaging . 
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In  Appendix  table  7,  the  temperature,  relative  humidity,  average  windspeed  and 
direction  for  each  of  the  retardant  drops  are  recorded  by  product. 

Aircraft  Height  and  Speed 

The  aircraft's  pressure  altimeter  was  not  sufficiently  accurate;  therefore,  drop 
heights  were  measured  by  an  alternative  method.   For  planning  and  to  assure  that  the 
test  matrix  was  completed,  it  was  essential  that  the  approximate  drop  heights  and 
aircraft  speeds  be  immediately  determined.   Preceding  each  drop,  a  dry  run  was  made 
using  balloons  for  reference  and  a  theodolite  to  measure  the  height.   For  the  actual 

run,  the  theodolite  was  used  to  measure  drop  height  at  a  known  point  located  near  but 
in  front  of  the  release  point.   This  eliminated  error  in  drop  height  measurements  due 
to  aircraft  pitchup  following  load  release. 

For  precise  height  measurements,  movie  film  was  exposed  at  right  angles  in  a  70  mm. 

Hulcher  camera  and  16  mm.  movie  film  was  exposed  from  a  front  view.   The  aircraft's 
flight  path  and  its  distance  from  the  grid  centerline  were  determined  from  the  16  mm. 
film.   The  70  mm.  film  was  then  inspected  under  a  microscope  and  the  release  point 
identified.   Using  the  aircraft  length  as  a  base  scale,  the  vertical  distance  to  ground 
level  was  calculated.   Figure  6  shows  a  retardant  drop  over  the  grid  as  recorded  by  the 
70  mm.  Hulcher  camera. 

10 



«•♦**■ 

^>^J"
* 

vA 
-iw 

Figure  6.--A  retardant  drop  being  made  over  the  grid  as   recorded,  by   the   70  nm. 
Hulaher  camera. 

For  an  immediate  groundspeed  check,  the  aircraft  was  timed  through  2,000  feet 
prior  to  and  including  the  length  of  the  grid.   The  time  was  measured  to  1/100  of  a 
second  and  the  average  groundspeed  calculated.   A  more  exact  groundspeed  was  determined 
by  using  the  Hulcher  movie.   A  distance  scale  was  calculated  by  comparing  the  actual 
and  film  aircraft  length.   Time  markers  on  film  and  the  calculated  scale  allowed  the 
average  groundspeed  across  the  grid  (near  one  frame  width)  to  be  computed.   Appendix 
tables  8  through  11  give  the  exact  aircraft  speed  and  altitude  at  the  time  of  retardant 
release. 

Retardant  Drop  History 

The   time  required  for  the  retardant  to  exit  the  tank  for  several  drops  was  deter- 
mined using  the  timing  marks  on  the  70  mm.  Hulcher  movie  film.   This  calculation  was 

not  possible  for  those  drops  where  the  release  point  was  either  slightly  premature  or 

late,  causing  the  release  or  empty-tank  jioint  to  be  out  of  view  of  the  stationary 
camera  position. 

From  the  16  mm.  films,  (right-angle  and  head-on)  the  retardant  drop  trajectory 
was  followed  and  the  horizontal  and  vertical  distance  traveled  from  the  release  point 
calculated.   The  elapsed  time  from  the  release  point  to  initial  retardant  touchdown 
and  the  time  required  for  the  retardant  to  settle  to  the  ground  were  determined  from 
the  frame  speed. 

The  area  of  the  drop,  as  viewed  from  the  right  angle  16  mm.  camera,  was  plani- 
metered  and  plotted  against  time  to  empirically  quantify  the  erosion  rate.   Difficulty 
was  encountered  in  this  analysis  since  determination  of  drop  boundaries  was  rather 
vague  due  to  differences  in  color  intensity  of  the  four  products. 

11 



Figure   7. — The  test  grid 
(the  aups  are   located 
at  the  center  of  each 
block) . 
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Appendix  tables  8  through  11  give  the  retardant  exit  and  drop  times  and  the 
horizontal  and  vertical  trajectory  distances. 

Ground  Distribution  Patterns 

The  method  used  for  measuring  the  ground  distribution  patterns  for  all  drops  con 
sisted  of  a  grid  system  of  cups  representing  a  defined  area.   The  cups  were  collected 

and  weighed  to  provide  a  measure  of  the  concentration  at  each  grid  point.   Based  on 
the  results  of  previous  drop  studies  (Grigel  1970;  MacPherson  1967),  a  grid  which  would 
best  suit  our  expected  drop  dispersion  patterns  was  constructed  and  is  shown  in  figure 
7.   The  grid  was  divided  into  two  portions,  an  inner  and  outer  grid.   The  inner  grid 
was  sampled  rather  intensively  since  it  was  expected  that  the  majority  of  the  pattern 
would  fall  within  this  area.   Each  point  in  the  inner  grid  represented  an  area  7.5  feet 
wide  by  15  feet  long,  or  112.5  square  feet.   Tlie  points  in  the  outer  grid  represented 
an  area  15  by  30  feet  or  450  square  feet.   The  inner  grid  was  150  by  300  feet  while  the 
combined  grids  were  300  by  600  feet. 

Each  individual  point  within  the 
the  lid  of  a  garbage  can  which  was  foot 

the  first  cup  as  the  retardant  receptacl 
can  lid  so  that  the  inner  cup  could  be  h 

when  wind  or  drop  turbulence  might  cause 

fastened  to  the  ground  with  two  "hairpin 
to  the  top  of  the  cup  was  approximately 
or  debris  from  being  splattered  into  the 
shows  a  garbage  can  and  cup  in  place  fol 

grid  consisted  of  a  cup  permanently  fastened  tc 
activated.   An  identical  cup  was  placed  inside 
e.   Two  clips  were  fastened  to  the  garbage 
eld  down  for  drops  made  from  lower  heights  or 
the  cup  to  be  blown  out.  The  garbage  can  was 

"  type  of  stakes .  The  distance  from  the  grounc 
19.5  inches,  a  height  which  would  prevent  dirt 
cup  when  lower  drops  were  made.   Figure  8 

lowing  a  drop. 
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Figure  8.- -A   aup   ire 

'place  following 
a  drop   (reaoveru 

shown  is  approxi- 

mately 2  gallons/' 
100  feet^). 
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The  purpose  of  using  a  garbage  can  as  a  base  for  the  cup  was  that  following  each 
drop  the  cups,  which  came  with  airtight  lids,  were  capped  and  the  cup  placed  inside 
the  can  (fig.  9).   This  allowed  as  many  as  five  drops  to  be  made  prior  to  collecting 

[   all  the  cups. 

Tlie  cups  and  lids  used  at  each  grid  point  were  made  of  natural  polyethylene,  or 
unpigmented  plastic.   The  diameter  of  each  cup  was  5.7  inches,  thus  having  an  area  of 

25.52  square  inches.   All  cups  and  lids  were  tared  into  0. 1-gram  categories  and  color 
coded.   In  addition  to  signifying  a  tare  weight,  the  color  code  on  the  lid  was  used  to 
designate  a  particular  drop  for  the  day.   Each  cup  was  5.12  inches  deep  which  was 
thought  to  be  sufficient  to  prevent  splash  out.   Although  tlic  cups  were  much  larger 

than  any  previously  used  in  drop  testing,  the  percent  of  area  sampled  is  still  rela- 
tively small--0. 0016  percent  in  the  inner  grid  and  0.0004  percent  in  the  outer  grid. 

Besides  increasing  the  percent  area  sampled,  the  larger  cups  decreased  the  relative 

size  of  weighing  errors  and  tare  differences,  because  approximately  14  grams  of  retard- 

ant  per  cup  are  required  to  equal  a  concentration  of  2  gallons/100  feet"'. 

After  no  more  than  five  drops,  the  cups  were  collected  in  compartmented  boxes 
which  were  designed  to  hold  two  grid  rows.   The  boxes  were  then  moved  to  the  weighing 

r!  '  area  where  several  top-loading  Mettler  balances  were  set  up.   llie  cups  and  rctardant 
were  collected,  weighed  [in  grams)  and  weights  recorded  for  the  previous  drop  ffigs.  10 
and  m. 
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Figure  9.— Preparing 
to  store  a  capped 

cup  in  preparation 

for  the  next  drop. 

collection  of  cups  following  s
everal  retardant  drops. 
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Figure  11. --Weighing 
and  recording  aup 
weights. 

In  this  study  the  sample  arrangement  and  size  were  important  considerations.   Thus, 

two  questions  had  to  be  answered- -what  is  the  accuracy  or  variation  for  a  particular- 

grid  point,  and  is  the  overall  grid  spacing  and  sampling  adequate.   i'o  answer  these 
questions,  nine  tables  containing  nine  cups  each  were  installed  in  the  inner  grid  at 
positions  equidistant  from  four  grid  points.   These  tables  were  built  to  a  heiglit  that 

placed  tops  of  cups  at  the  same  level  as  tops  of  other  cups  in  the  grid.   The  nine  cu]")s 
on  each  table  were  within  an  area  20  by  20  inches  to  provide  a  measure  of  tjic  variation 
about  a  single  sample  point.   Also,  this  arrangement  provided  a  value  which  couUl  be 
compared  to  the  predicted  value  for  the  point  using  the  four  surrounding  grid  points. 
Holes  were  cut  in  the  tops  of  three  tables  and  deep  cans  positioned  so  that  their  tops 

were  the  same  height  as  tops  of  other  cups  on  the  table.   Tliese  cans  were  weighed  and 
the  recovery  on  the  representative  area  basis  was  used  to  determine  whether  any  splash 
out  of  the  plastic  cups  in  the  grid  was  occurring.   Figure  12  shows  the  tables  used 
to  determine  the  variation  about  a  single  cup. 
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Figure  12. --Array  used  to  determine   the  variation  in  a  particular  aup  measurement. 

Vertical  Distribution 

The  ground  distribution  patterns  provide  a  quantitative  measure  of  the  erosion  of 
a  given  retardant  under  specific  conditions.   In  addition  to  measurements  of  the 
deliverability  of  a  retardant,  the  vertical  distribution  within  any  given  fuel  is  also 
important.   The  distribution  and  retention  are  related  to  the  rheological  properties 

of  the  retardant  (cohesive  and  adhesive  properties,  effect  of  shear,  and  time  depend- 
ence), the  droplet  size  and  velocity  at  the  time  of  impact,  the  surface  characteris- 

tics of  the  fuel  (texture,  shape,  etc.),  and  the  surface  area-to-fuel  distribution. 

In  an  attempt  to  determine  whether  differences  in  retention  by  the  various  retarcl 
ants  exist  and  to  decide  whether  it  would  be  feasible  to  construct  a  model  to  determir  i 

vertical  distribution  in  future  drop  tests,  two  small-scale  interception  arrays  were 
constructed.   Vertical  racks  of  1/2-inch  wooden  dowels  and  sandblasted  aluminum  tubinj 

were  fabricated.   The  purpose  of  using  the  tubing  was  to  determine  whether  an  artifi- 
cial material  having  a  given  texture  could  be  used  to  obtain  results  similar  to  those 

results  obtained  when  using  a  natural  wood  fuel  array  and  whether  there  would  be  a 
correlation  between  such  results.   If  such  a  correlation  were  found,  then  future  stud 

could  be  simplified  and  modeled  without  the  problems  in  measurement  caused  by  fuel 
moisture  content  effects. 
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Figure  13. — Model  used 
to  measure  the  ver- 

tical distribution 
and  retention  of 
retardant. 

Each  of  these  dowel  arrays  contained  five  layers  spaced  1  foot  apart;  cacli  layer 

had  12  dowels  cut  to  24-inch  lengths  and  spaced  2.5  inches  apart.   Also,  each  layer 
was  constructed  so  that  each  dowel  was  offset  from  the  dowel  above  by  one-half  inch, 
thus  giving  100  percent  vertical  closure  through  the  five  layers.   A  pan  was  jiositioiicd 

at  the  bottom  to  determine  the  amount  of  penetration.   Figure  l.'S  shows  a  vertical 
distribution  rack  composed  of  1/2-inch  ponderosa  pine  dowels. 

After  the  drop,  the  layers  were  weighed  to  determine  the  retention  and  the  pan  was 
weighed  to  provide  a  measure  of  penetration.   The  measurements  were  limited  to  a  few 

inl  drops  because  of  the  time  consuming  process  of  weighing  and  replacing  the  layers 

i- 
)se 
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ANALYSIS  AND  RESULTS 

Compilation  of  Grid  Data 

The  basic  grid  data,  the  cup  and  lid  tares,  environmental  data,  retardant  char- 
acteristics, and  drop  conditions  were  put  on  ADP  cards.   The  weight  of  the  retardant 

collected  was  then  converted  to  a  volume  per  unit  area  measurement.   The  most  commonl} 

used  units  for  concentration  are  gallons/100  feet2.   The  conversion  was  made  using  th( 
formula: 

W-T 

d/A 

where 

R  =  retardant  concentration  (gallons/100  feet^) 

K  =  conversion  factor  for  units 

W  =  weight  of  cup,  lid,  and  retardant  (grams) 

T  =  tare  for  cup  and  lid  (grams) 

d  =  density  of  retardant  (grams/cc.) 

A  =  area  of  cup  (25.52  inches^). 

or 

R  =  0.1491^'^  gallons/100  feet^ 



The  total  volume  falling  on  the  area  represented  by  the  inner  and  outer  j',r'ul  points  is: 

Inner  grid  points  volume  =  1.125R  gallons,  and 

outer  grid  points  volume  =  4.SR  gallons. 

The  total  retardant  reaching  the  grid  was  calculated: 

Total  retardant  =  11.12SR  inner  grid  points  +  L4.SR  outer  grid  points. 

A  computer  program  that  summarized  the  grid  data  by  volumes  and  areas  covered  was 

used.   The  gallons  of  retardant  in  each  concentration  class  and  the  area  of  coverage 
within  each  concentration  class  were  calculated.   A  summary  of  these  classes  gives 
the  total  area  covered  and  the  total  gallons  recovered  in  the  grid.   Appendix  tables 
12,  13,  14,  and  15  provide  a  breakdo\^m  of  areas  and  gallons  by  concentration  class. 

A  computer  program  was  developed  to  plot  the  concentration  calculated  for 

each  grid  point.   The  plot  was  made  to  scale  and  the  decimal  point  for  each  concentra- 
tion represented  the  location  of  the  grid  point.   Using  a  method  of  linear  proportion- 

ing, contour  lines  were  drawn  for  a  trace,  0.2  gallon/100  feet^,  and  whole  gallons/100 
feet^.   From  the  distribution  patterns,  contour  lengths  were  determined.   The  2 
gallons/100  feet^  contour  is  of  primary  interest  because  studies  concerning  the 
effectiveness  of  these  retardants  have  shown  that  this  level  of  concentration  is  the 

minimum  level  that  will  produce  a  maximum  reduction  in  the  rate  of  spread,  intensity, 

and  radiation  in  a  light  fuel  (George  and  Blakely  1972).   The  2  gallons/100  feet^ 
measurem.ents  are  given  in  Appendix  tables  12  through  15  and  include  maximum  lengths  of 

continuous  2  gallons/100  feet*^  areas,  lengths  of  areas  >5-foot  widths,  and  lengths  of 
areas  >10-foot  widths. 

Adequacy  of  Grid  System 

To  determine  whether  the  intensity  of  sampling  within  the  inner  grid  was  adequate, 
the  average  for  the  table  concentration,  as  previously  discussed  (page  15),  was  plotted 
against  the  average  of  the  surrounding  grid  points  for  each  of  the  retardants. 

It  was  assumed  that  if  the  table  concentration  could  be  predicted  from  the 

j  surrounding  grid  points,  and  the  degree  of  certainty  was  acceptable,  then  more  intense 
sampling  would  be  unnecessary.   Figure  14  shows  a  plot  of  these  data  and  the  regression 
line  for  each  retardant.   An  analysis  of  covariance  indicated  that  the  four  products 

showed  no  significant  difference  in  predictability  and  that  the  regression  equations 

were  not  significantly  different  from  a  direct  relationship  (a  45°  line  when  table  and 
grid  concentration  are  graphed).   From  the  analysis  and  the  graphs  in  figure  14,  wc 
can  conclude  the  sampling  intensity  is  reasonably  sufficient  and  predictions  based  on 

proportioning  of  any  points  within  the  inner  grid  points  will  usually  be  '+0.5  gallon/ 
100  feet^  from  the  true  mean. 

To  define  the  variation  associated  with  any  given  cup  measurement,  the  standard 
deviation  and  standard  error  of  the  mean  were  calculated  for  each  table  (nine  points). 

The  standard  deviation  for  each  table  was  plotted  against  the  average  concentration  for 
that  table.   These  relationships  are  sho\rm  in  figure  15.   Although  differences  between 
retardants  appear,  the  importance  of  the  correlation  is  that  for  concentrations  of 

3  gallons/100  feet^  and  less  a  standard  deviation  of  0.2  gallon/100  feet''  or  less  can 

be  expected.   This  is  a  primary  reason  for  using  0.2  gallon/100  feet''  (trace)  as  the 
smallest  concentration  unit  in  area  coverage  detenninations . 

A  comparison  of  the  concentration  in  the  three  inset  table  cans  and  tlie  six 
adjacent  cups  reveals  that  for  drop  conditions  used  in  this  study,  no  splash  out  of 
the  cup  occurs  or  the  variation  is  less  than  that  normally  occurring  between  cups. 
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Figure  14. — Table  aonoentration  as  oompared  to  predicted  values  from  surrounding 
grid  points. 
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Figure   15. --The   variation   (standard  deviation)   as  a  function  of  aonaentration. 
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Ground  Pattern  Responses 

Aveas  of  Effective  Conoentvation 

Simple  linear  effects  of  temperature,  relative  humidity,  retardant  viscosity  and 
density,  windspeed  and  direction,  aircraft  speed,  and  drop  height  were  first  screened 

in  additive  regression  models  for  predicting  the  area  covered  by  >_2  gallons/100  feet^  | 
for  each  of  the  four  retardants.   Drop  height  and  windspeed  were  found  to  be  consist- 

ently strong  variables.   After  accounting  for  these  two  effects,  the  remaining  variable 
failed  to  contribute  consistently  and  materially  to  the  models  in  accord  with  expecta- 

tion and  so  were  deleted.   This  does  not  mean,  however,  that  the  deleted  variables  do 
not  actually  affect  coverage,  but  rather  that  we  were  unable  to  identify  their  effects 
by  reason  of  limited  range  in  these  variables,  correlations  with  the  variables 
retained,  and  the  amount  of  uncontrolled  variation  in  the  data.   Figures  16  and  17 
show  the  effect  of  the  primary  variables,  drop  height  and  windspeed,  on  retardant 
erosion  drift  and  resultant  ground  distribution  patterns. 

Covariance  analysis  of  the  drop  height-windspeed  models  suggested  that  real 
differences  existed  between  Phos-Chek  XA  and  the  remaining  retardants;  Phos-Chek  gen- 

erally gave  greater  effective  coverage  (area  >2  gallons/100  feet^)  for  any  given  drop 
height  and  windspeed.   The  effective  coverage  of  Fire-Trol  100,  Fire-Trol  931,  and 
water  tended  to  decrease  in  that  order.   Tlie  results  of  tests  for  differences  between 

the  linear  models  are  shown  on  page  25. 

Since  real  differences  appeared  to  exist  among  the  simple  additive  models,  a  more 

exacting  algebraic  portrayal  of  the  drop  height-windspeed  interaction  was  undertaken. 
Expectation  was  for  maximum  coverage  at  optimal  drop  heights,  the  optimum  moving 
toward  lower  drop  heights  as  the  windspeeds  increased.   Sigmoidal  decrease  in  coverage 
from  the  maximum  was  expected  as  increased  departures  occurred  on  either  side  of  the 
optimal  drop  height.   Also,  a  sigmoidal  decrease  in  coverage  was  expected  from  low  to 
high  winds. 

For  each  retardant,  expected  algebraic  forms  over  drop  height  for  each  of  three 
windspeed  groups  were  fitted  to  the  data  by  the  approximate  least  deviations  (the 
number  of  observations  varied  between  16  and  21  for  the  four  retardants).   The  result- 

ing curves  were  described  and  formulated  as  surfaces  using  algebraic  forms  identified 
from  Matchacurve  I  and  II  (Jensen  and  Homeyer  1970,  1971).   These  forms  were  given  a 
final  adjustment  to  the  data  by  least  squares  and  the  final  algebraic  models  for  the 

area  of  >2   gallons/100  feet^  coverage  are  given  on  page  26.   The  graphic  forms  of  thes 
models  are  shov^m  in  figure  18.   Appendix  tables  16  and  17  provide  predicted  values  f ro  i 
each  surface.   The  distribution  of  data  points  over  drop  height  and  wind  may  be  seen  ii 
these  tables.   It  is  suggested,  of  course,  that  most  dependence  be  placed  on  the 
predicted  values  from  the  general  surface  area  wherein  data  points  are  concentrated, 
i.e.,  within  the  boxed  areas  of  the  tables.   Confidence  should  not  be  placed  in 
differences  between  predicted  values  for  the  four  retardants  outside  the  data  range 
(boxed  area).   These  values  are  only  given  for  general  interpretation  as  to  the  effect; 
of  wind  and  drop  height  on  effective  pattern  area.   An  abbreviated  set  of  predicted 
values  is  given  in  table  2  for  quick  assessment  of  the  magnitude  of  differences  withir 
and  between  products. 

J 

Length  of  Effective  Patterns  } 

Although  the  area  of  >2  gallons/100  feet^  is  of  primary  importance,  the  continuois 
length  of  this  area  also  should  be  considered  because  the  construction  of  the  maximum 
amount  of  fireline  per  gallon  of  delivered  retardant  is  often  an  operational  objective 

Using  the  lengths  of  >_2  gallons/100  feet^  area  (Appendix  tables  12  through  15),  an  an  .■ 
ysis  of  pattern  length  as  related  to  drop  height  and  wind  was  made  for  each  retardant 
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1  SEC. 

2  SEC. 

4  SEC. 

.":'7jii.naSiffri  •■ 

6  SEC. 

&P^^ 

8  SEC. '^ft&C;'^: 

10  SEC. 

H!  Figure   16. --The  general  effects   of  drop  height  and  loindspeed  on  retardant   rrordon  and 
'''<■  drift  as  shown  by   sequential  photographs   of  three   retardant  drops. 

23 



Drop  Conditions 
Drop 

Height  (ft.) 

Groundspeed    (knots) 

A 

237 

102 

B C 

234 154 
97 

103 

Drop  Pattern  Responses 

Drop  patterns     (0.2,  1.0,  and  2.0  gal./ioo  ft?  contours) 

FLIGHT 

PATH 

500   - 

400   - 
^    300 
I 

t- 

o 
Z     200 LU 
-J 

100 

0 

AREA  OF    ̂ 2  GAL./lOO  FT.' 

Recovery   (percent) 

Coverage  (ft.^) 
(area    ̂   2  GAL./lOO  FT.2) 

86 

6976 

50 

1800 

68 

3375 

Figure  17. --The  general  effects  of  drop  height  and  windspeed  on  recovery  and  coverage 
for  three  retardant  drops. 

Within  the  >2   gallons  coverage  area,  the  length  of  areas  decreased  as  the  drop 

height  and  wind  increased.   The  patterns  for  Fire-Trol  100,  Fire-Trol  931,  and  Phos- 
Chek  XA  generally  ranged  from  little  to  no  decrease  in  length  at  drop  heights  from 
50  to  150  feet  but  these  patterns  decreased  rapidly  between  drop  heights  of  150  and 
350  feet.   The  pattern  for  water  showed  a  flat  sigmoidal  decrease  between  50  and  350 
feet  drop  height. 

For  average  winds  of  about  4  m.p.h.,  the  length  of  >_2  gallons/100  feet^  area  for 
Fire-Trol  100  and  Fire-Trol  931  decreased  from  about  210  to  30  feet;  Phos-Chek 
decreased  from  230  to  80  feet,  and  water  decreased  from  220  to  40  feet  over  the  range 

of  drop  heights.   Thus,  as  with  coverage,  these  gross  trends  indicate  that  Phos-Qiek's 
greater  cohesiveness  tends  to  be  reflected  in  greater  lengths  {>2   gallons/100  feet^). 
This  holds  for  either  the  maximum  lengths  of  >2   gallons/100  feet2  coverage,  the  length 
of  coverage  >^5  feet  wide,  or  the  length  of  coverage  >10  feet  wide. 



TESTS  FOR  DIFFERENCES  BETWEEN  LINEAR  MODELS  OF  EFFECTIVE 

RETARDANT  COVERAGE  AND  RECOVERY* 

Effective  Coverage  (Area  of  ̂ 2  Gal./lOO  Ft . 2) 

tJI 
>, c . — 1 

•H 

1 — 1 

1/) 

03 CC 

'm 
O 

1) 

ii 

CO 

C u 

a; (Li 

0) 

u CJ 

-a 

nJ 

Retardant 

Phos-Chek  XA 

Fire-Trol  100 

Fire-Trol  931 

Water 

Significance    level** 

percent 

99 

95 
NS 

Recovery  (Total  Retardant  Reaching  the  Ground") 

Retardant 

.— I  -H  c: 
•-H  t/)  (Tj 

CTj  nj  T") iH  <U  fH 
(U  Jh  nS 

C  o  4_. (U  O  (U 

o  -a  !-, 

Phos-Chek  XA 

Fire-Trol  100 

Fire-Trol  931 

Water 

Significance   level' 

percent 

99 

NS 
95 

*In  the  linear  equations,  the  primary  ground  responses  for  each 
retardant  were  expressed  as  a  function  of  drop  height  and  windspeed. 
Aircraft  speed  within  the  data  range  was  not  significant. 

**The  significance  level  indicates  the  probability  level  at  which 
the  difference  between  retardants  may  be  regarded  as  real,  i.e.,  not 

due  to  chance.   "NS"  means  no  significance  between  products  existed 
for  that  particular  response. 
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Retardant  Recovered 

The  method  of  analysis  used  for  analyzing  the  areas  of  effective  concentration 

was  used  for  examining  the  amount  of  retardant  reaching  the  ground  (e.g.,  the  amount 

recovered").   As  in  the  analysis  of  the  effective  concentration  areas,  the  covariance 
analysis  suggested  that  real  differences  existed  between  Phos-Chek  XA  and-  the  re- 

maining retardants.   The  tests  of  differences  between  the  linear  models  were  given 
on  page  25.   An  algebraic  portrayal  of  the  model  interation  was  then  developed  for 
each  retardant  and  was  adjusted  to  the  data  by  least  squares.   Final  algebraic  models 

are  given  on  page  30.   The  models  in  their  graphic  form  are  shown  in  figure  19.   Appen- 
dix tables  18  and  19  show  the  predicted  values  of  retardant  and  volume  recovered  as  a 

function  of  drop  height  and  windspeed.   The  data  points  lie  within  the  boxed  areas  of 
these  tables.   As  suggested  earlier,  most  dependence  should  be  placed  on  predicted 
values  within  the  general  surface  area  wherein  data  points  are  concentrated  (boxed 
areas  of  the  tables).   An  abbreviated  set  of  these  predictions  was  given  in  table  2. 

Vco'iable  Conoentration,   Area  Coverage  Model 

In  order  to  predict  areas  of  coverage  other  than  at  the  >2   gallons/lOO  feet^ 
concentration  level,  a  general  model  was  developed  by  incorporating  concentration 
(Appendix  tables  12  through  15)  as  an  independent  variable  along  with  drop  height  and 
windspeed.   The  algebraic  models  for  each  retardant  material  are  given  on  pages  59  and 
60  in  the  form  of  Fortran  IV  statements,  for  simplicity;  these  models  are  more  complex 
than  previous  models.   Note  that  the  basic  drop  height  effect  in  all  equations  is 

bell-shaped  and  is  of  the  form: 

Area  covered 
YP 

1250-DH 

XP 1    -    I 

1  -  I 

where,  YP  (scalar),  I  (inflection  point),  and  N  (exponent)  are  specified  as  various 
functions  of  windspeed  and  coverage  concentration.   DH  is  drop  height.   Predictions 
of  areas  of  coverage  for  various  levels  of  concentration  for  each  retardant  arc  given 

in  Appendix  tables  20  through  23.   Appendix  table  24  gives  the  R'^  and  s  .    for  various 
levels  of  coverage  within  each  of  the  retardant  models.  '   i 

Smoothing  over  the  concentration  level  has  caused  some  weakening  of  estimates  at 

the  >2-gallon  level  for  all  retardants.   This  is  evident  when  the  R"  and  Sy.^   for  the 

previous,  fixed  concentration  (>2  gallons/lOO  feet^)  models  are  compared  to  those  for 
the  variable  concentration  models.   IVhen  predictive  decision  is  crucial  at  the 

>_2-gallon  level,  it  is  suggested  that  fixed  concentration  models  be  used.   Note  that 
the  latter  are  only  provided  for  the  >2-gallon  level  (see  p.  26). 

The  importance  of  the  model  containing  concentration-level  as  an  independent 
variable  is  in  its  utilization  in  future  studies  concerning  cost-effectiveness 
trade-offs  between  retardant  solution  salt  content,  volume  of  solution,  and  area  of 
coverage.   It  is  necessary  to  deliver  a  given  quantity  of  salt  per  unit  area  for  a 
particular  situation.   The  model  will  permit  estimation  of  the  optimum  solution  salt 
concentration  to  obtain  maximum  effective  coverage. 
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Vertical  Retardant  Distribution 

Data  were  obtained  from  the  vertical  distribution  arrays  (both  wooden  and  aluminum] 

during  nine  retardant  drops.   Because  the  number  of  variables  affecting  retention  by  the 
arrays  is  large  and  the  number  of  measurements  limited,  a  large  variation  within  the 
retention  data  was  encountered.   These  retention  data  were  calculated  and  expressed  in 
relation  to  the  surface  area  of  the  array.   Appendix  table  25  provides  a  summary  of  the 

array  data.  The  retention  of  retardant  solution  by  the  wooden  and  aluminum  arrays  was 

plotted  as  a  function  of  the  total  retardant  impinging  on  the  array  (fig.  20).   Al- 
though the  wooden  array  appears  generally  to  have  greater  retention  values,  covariance 

analysis  indicated  that  for  the  limited  data,  no  real  difference  existed  between  the 
retention  by  the  wooden  array  and  the  aluminum  array.   A  comparison  of  the  total  perceni 

retention  by  the  arrays  using  a  "t"   test  indicated  a  significantly  higher  retention 
for  the  wood  array.   Although  a  much  more  comprehensive  study  would  be  needed  to 
establish  whether  differences  existed  between  retardants,  this  analysis  will  provide 
some  general  quantative  values  for  volume  retention  for  a  given  fuel  surface  area 
and  as  a  function  of  the  retardant  coverage. 

c 
g 

0 

Figure  20. — Retention 
of  retardant  by  the 
vertical  distribution 
arrays . 
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other  Drop  Responses 

Eetardant  Exit  Time 

The  exit  time  of  each  retardant  from  the  tank  (Appendix  tables  8  throuj^h  11)  was 
studied  as  a  function  of  drop  speed,  windspeed,  and  wind  direction,   (lovariance 
analysis  suggested  that  no  real  differences  in  terms  of  retardant  exit  time  existed 
for  the  four  products.   The  average  exit  time  for  all  retardant  drops  was  1 . S6  seconds 

(S  =  ±0.16,  S,„  =  ±0.03).   If  there  are  real  differences  in  exit  times  due  to  drop 

conditions  or  retardant  properties,  they  are  fairly  small  (•'0,2  second)  and  measure- 

ment of  them  will  likely  require  added  sophistication.   Variability  in  the  sjiced  o\' 
gate  opening  and  photographic  measuring  ability  are  probably  the  cause  of  an  c(|ual 

amount  of  variation.   Figure  21  shows  a  drop  profile  of  a  retardant  at  O.S-  and  1.0- 
second  intervals.   Comparing  this  drop  profile  and  the  ground  distribution  pattern 
and  cross  section  (fig.  22),  notice  that  the  core  of  the  drop  or  the  area  of  >2 

gallons/100  feet'  concentration  begins  nearly  250  feet  do\\m  range  from  the  point 
of  gate  opening.   The  low  concentration  over  the  first  2S0  feet  probably  indicates 
poor  tank  venting  or  slow  opening  gates.   The  retardant  within  the  lieginning  portion 
of  the  drop  pattern  is  the  retardant  exiting  the  tank  during  the  first  0.5  second. 
These  first,  highly  eroded  droplets  reach  terminal  velocity  almost  instantaneously 
and  fall  essentially  vertical  if  not  influenced  by  wind. 

drop  Time  and  Traj eotory 

The  time  required  for  a  retardant  to  reach  the  ground  is  a  function  of  the  erosion 

process  or  droplet-size  history  which  is  determined  by  the  tank  and  gate  design, 
retardant  exit  time,  aircraft  speed,  windspeed  and  direction,  aircraft  altitude  and 

attitude,  and  retardant  rheological  properties.   'I'his  drop  time  (appendix  tables  8 
through  11)  was  studied  as  a  function  of  drop  height,  windspeed  and  direction,  and  air- 

craft speed.   Covariance  analysis  indicated  that  tlie  drop  height  was  the  primary  factor 
governing  the  drop  time  and  inclusion  of  the  other  variables  did  not  contribute 
materially  to  a  linear  model  in  terms  of  improvement  of  curve  fit.   Tliis  does  not 
mean,  however,  that  the  deleted  variables  do  not  actually  affect  the  drop  time 
but  rather  that  we  were  unable  to  identify  their  effects  by  reason  of  uncontrolled 

variation  in  the  data.   Testing  the  pooled  versus  the  unpooled  model  for  each 
retardant  indicated  that  no  significant  difference  in  drop  times  existed  between  the 
three  formulated  retardants.   Drop  times  for  water  were  significantly  different  from 

drop  times  for  Phos-Chek  XA  and  Fire-Trol  951,  but  no  significant  difference  between 
water  and  Fire-Trol  100  was  found.   Although  these  differences  are  statistically  real, 
they  may  not  be  meaningful  because  the  magnitude  of  such  differences  is  rather  small 

(<1.5  seconds  for  a  drop  height  of  300  feet).   It  does,  however,  indicate  that  difference 
in  droplet  size  exist  and  that  Phos-Chek  XA  fonns  the  larger  droplets.   TJie  drop  time 
as  a  function  of  drop  height  for  each  of  the  retardants  is  shown  in  figure  23.   The 
equations,  their  fit,  and  significance  level  differences  are  given  in  Appendix  table  26. 

The  drop  trajectory  was  quantified  by  measuring  the  horizontal  and  vertical 
distance  the  retardant  core  traveled  (from  the  release  point)  prior  to  reaching  the 
terminal  velocity.   When  the  leading  edge  of  tlie  retardant  became  stationary  it  was 
assumed  that  terminal  velocity  had  been  reached.   A  comparison  of  the  drop  trajectories 
indicated  a  great  deal  of  variation  within  different  drops  of  the  same  tyiic  retardant. 
Visual  observation  as  well  as  measurement  indicated  that  the  trajectory  was  greatly 
affected  by  aircraft  attitude;  however,  it  was  impossible  to  reliably  determine  this. 
Nevertheless,  for  the  tank  and  gating  design  and  for  tlic  particular  aircraft  used  in 

the  tests,  the  mean  drop  trajectories  may  be  useful,   i'he  forward  horizontal  distances 
varied  between  305  and  670  feet;  the  mean  of  all  drops  was  487  feet  (S  =  '63,  S„,  =  ̂ 9.5). 
The  vertical  distance  to  terminal  velocity  ranged  from  48  to  144  feet;  the  mean  was 

84  feet  (S  =  ±21,  S^  =  ±3.3).   The  vertical  distances  to  terminal  velocity  should  give 

some  indication  of  safe  drop  heights  for  a  600-gallon  drop  from  an  aircraft  in  a 
horizontal  attitude. 
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Figure  21. — Retardant  drop  profile  during  a  release  and  fall. 



600        500       400        300        200        100  0 

Maximum  concentration 

Average  of 

>  .2  gal./lOO  ft.^ 
concentration 

600         500 
T   1   1   1   1   1   1   1   1 

400         300        200        100  0 

Distance  (feet) 

Figure   22. --Ground  distribution  pattern  and  average  concentration  profile  for  dmp 
skoixTi  in  figure   21. 
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Figure  24. — Evaporation 
losses  as  a  function 
of  drop  time. 
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^Evaporation  Losses 

Tlie  retardant  volume  that  was  dropped  but  not  accounted  for  in  the  grid  measure- 
ments was  lost  because  of  drift  or  evaporation  during  the  drop.   Determination  of  the 

retardant  salt  content  prior  to  and  following  the  drop  allowed  calculation  of  how  much 

water  evaporated  during  the  drop  (Appendix  tables  4  through  6).   The  quantity  of  water 
lost  by  evaporation  during  the  drop  is  related  to  temperature,  relative  humidity, 

droplet-size  history  or  surface  area  of  the  droplets,  and  the  time  of  exposure  to  the 
atmosphere.   The  percent  of  the  total  drop  lost  due  to  evaporation  was  plotted  as  a 

function  of  the  time  required  for  the  retardant  to  reach  the  ground  (the  latter  pre- 

viously correlated  to  drop  height")  and  is  shown  in  figure  24. 

Covariance  analysis  of  the  percent  of  drop  loss  due  to  evaporation  and  the  time 
required  for  the  retardant  to  reach  the  ground  suggests  that  again  real  differences 

(not  due  to  chance)  exist  between  Phos-Chek  XA  and  the  remaining  retardants.   The 

Phos-Chek  drops  showed  less  evaporation  for  any  given  drop  time  or  height.   The  percent 
of  the  drop  lost  by  evaporation  for  Phos-Chek  was  nearly  constant  for  any  condition 
and  less  than  4  percent,  or  24  gallons.   Both  Fire-Trol  lOD  and  Fire-Trol  931  IkuI 
increasing  losses  as  drop  time  increased  and  maximum  losses  of  near  12  percent,  or 
72  gallons.   Volume  losses  above  these  percentages  can  be  attributed  to  drift  and  can 
be  sizable  when  drop  heights  and  wind  increase.   The  equations  for  retardant  loss  by 
evaporation,  their  fit,  and  significance  are  given  in  Appendix  table  26. 
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DISCUSSION 

The  primary  objective  of  the  evaluation  of  drop  characteristics  and  ground  distri 
bution  patterns  of  forest  fire  retardants  was  to  determine  the  effect  of  thickening 
agents  on  drop  characteristics  under  various  drop  conditions  by  quantifying  the  area 
of  various  concentrations,  the  total  area,  and  the  amount  of  retardant  reaching  the 

ground.   In  this  evaluation,  both  drop  height  and  windspeed  were  found  to  be  consist- 
ently strong  variables,  for  all  retardants,  in  models  used  for  predicting  area  coverage 

and  gallons  recovered.   Covariance  analysis  of  the  drop  height-windspeed  models  (see 
page  25)  suggested  that  the  greatest  real  differences  existed  between  Phos-Chek  XA  and 
the  remaining  retardants.  The  effective  area  of  coverage  and  retardant  recovery  tendec 

to  decrease  for  Fire-Trol  100,  Fire-Trol  931,  and  water  in  that  order.   Predicted  valut 

for  the  area  of  effective  concentration  (>2  gallons/100  feet^)  and  the  total  retardant 
reaching  the  ground  for  various  drop  heights  (50  to  350  feet)  and  winds  (0  to  12  m.p.h 
are  given  in  Appendix  tables  16  through  19.   Similar  predicted  values  for  various  leve 

of  concentration  are  given  in  Appendix  tables  20  through  23. 

Although  significant  differences  existed  between  the  thickened  retardants  (Phos- 
Chek  XA  and  Fire-Trol  100)  and  the  unthickened  retardants  (Fire-Trol  931  and  water), 

the  largest  difference  was  found  between  the  gum-thickened  Phos-Chek  XA  and  all  other 
retardants.  The  gum- thickened  retardant  apparently  has  a  cohesiveness  that  reduces 
the  rate  of  erosion  and  maintains  a  larger  minimum  droplet  size.   This  characteristic 

is  not  adequately  quantified  by  viscosity,  or  other  commonly  measured  physical  proper- 
ties.  Although  clay-thickened  Fire-Trol  100  exhibits  some  improvement  in  drop  charac- 

teristics over  the  unthickened  materials,  it  does  not  exhibit  the  cohesiveness  that  th 

gum-thickened  retardants  maintain  when  under  high  shearing  forces.   This  phenomenon  is 
also  reflected  in  the  lower  drop  times  and  lower  evaporation  losses  obtained  when  the 

gum-thickened  retardant  (Appendix  tables  4  through  6,  8  through  11,  and  fig.  24)  is  us^i 
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In  addition  to  providing  larger  areas  of  effective  coverage  and  less  retardant 

losses  through  drift  and  evaporation,  the  gum- thickened  retardant  produced  slightly 
longer  effective  pattern  lengths. 

The  effect  of  aircraft  speed  on  drop  pattern  characteristics,  within  the  limits 

tested  (93  to  127  knots)  was  small  and  quantitatively  fell  within  uncontrolled  varia- 
tions in  the  data.   The  maximum  effective  drop  speed  for  the  particular  tank  and  gating 

system  used  during  these  tests  is  probably  less  than  the  maximum  safe  drop  speed  of 
145  knots  for  the  TBM  (USDA  Forest  Service  and  U.S.  Army  1962).   The  maximum  effective 
drop  heights  obviously  depend  on  the  particular  use,  fuel,  fire  intensity,  etc.   For  a 

given  desired  concentration  and  required  area,  however,  the  drop  height -windspeed 
models  can  provide  an  estimate  of  maximum  heights  and  winds  allowable  for  a  particular 
retardant  drop  (see  pages  26  and  30  and  tables  20  through  23).   For  example,  in  a  fire 

situation  where  winds  are  about  10  m.p.h.,  1,000  square  feet  of  2  gallons/100  feet'' 
coverage  might  be  necessary  for  desired  effectiveness.   Under  these  conditions,  a 

maximum  drop  height  of  250  feet  would  be  effective  for  a  water  or  Fire-Trol  931  drop. 
However,  Fire-Trol  100  could  be  delivered  from  nearly  300  feet  and  Phos-Chek  from  as 

high  as  350  feet.   Considering  this  aspect  alone,  it  appears  that  gum-thickened  retard- 
ants  can  be  used  to  permit  both  higher  and  safer  drops  without  decreasing  the 
effectiveness. 

It  should  be  emphasized  that  the  effectiveness  of  a  delivered  retardant  depends  on 
the  concentration  and  type  of  active  salt  and  the  coverage  of  the  fuel  surface  area. 
Thus  there  is  both  an  optimum  salt  content  and  optimum  solution  volume  which  can  provide 
maximum  fuel  surface  coverage  while  depositing  the  required  concentration  of  salt.   The 
retardant  retention  and  coverage  within  the  fuel  complex  are  of  utmost  importance.   Tlie 
variable  concentration,  area  coverage  model  (tables  20  through  23)  will  allow  us  to 
make  studies  as  to  the  trade-offs  between  salt  content  and  volume  in  relation  to 

effective  coverages.   Obviously  under  easy  drop  conditions  (low  drop  height  ̂ 150  feet 
and  low  winds  <6  m.p.h.)  it  may  be  more  economical  to  adjust  the  salt  content  to  achieve 
effectiveness  rather  than  through  the  use  of  thickening  agents.   In  other  instances, 

where  high  drops  are  necessary  (>200  feet)  due  to  canopy  heights  and  topography  and 

in  the  presence  of  relatively  high  winds  (^10  m.p.h.),  it  is  necessary  to  use  thick- 
ened retardants.   In  some  cases,  thickened  retardants  may  also  be  required  to  provide 

an  adequate  coating  of  salt  on  aerial  fuel. 

Improving  retardant  drop  patterns  by  manipulation  of  retardant  rheological  or 

j  physical  properties  as  well  as  improving  retardant  release  mechanisms  should  be  given 
considerable  attention  and  will  hopefully  result  in  increased  retardant  effectiveness 
and  air  tanker  safety. 
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APPENDIX 

TABLE  3. —COMPOSITION  OF  THE  FIRE  RETARDANTS  EVALUATED 

Composition 

Approximate  percent 
in  dry  product  or 

concentrate 

Thickened  Products 

Phos-Chek^XA 

Fire-Trol®  100 

—  Unthickened  Products 

Fire-Trol®931  (LC) 

Diaramonium  phosphate  (21-53-0) 
Guar  gum  (thickening  agent) 
Iron  oxide  (coloring  agent) 

Corrosion  and  spoilage  inhibitors 

Ammonium  sulfate  (NH,)2S0, 
Attapulgite  clay  (thickening  agent) 
Iron  oxide  (coloring  agent) 
Corrosion  inhibitor 

-^Arcadian  Poly-N  10-3A-0 
Iron  oxide  (coloring  agent) 
Corrosion  inhibitor 

Attapulgite  clay  (to  prevent 
separation  in  the  concentrate) 

89 

8 
1 
2 

62 

36 
1 
1 

93 
2 
1 
A 

—  Although  the  concentrate  is  thickened,  the  mixed  product  has  a  low 
viscosity  and  can  be  considered  an  unthickened  product. 

2/ 

—  Arcadian  Poly-N  10-34-0  is  a  product  of  Allied  Chemical  Company. 
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TABLE 4.— RETARDANT  CHARACTERISTICS  BEFORE AND  AFTER  EACH TEST  DROP OF  PHOS-CHEK  XA 

:   Characteristics  bef ore  drop     : Characteris ti :s  after  drop  : 

Salt      : 

Increase 

in  salt :   Water Drop 
:    Salt    : 

loss 

dropi' 

No. :  Viscosity   : 
Density 

:   content  : Density    : content     : content 
:   during 

Centipoise G./aa. Peraent 
(NH^)^PO^ 

G./aa. Peraent Peraent Gallons Peraent 

2 2,160 1.071 9.77 
1.076 

10.40 6.4 38.3 

6.4 

5 2,030 1.071 10.06 1.079 11.00 
9.3 

55.1 

9.2 10 1,793 1.071 10.13 1.072 
10.44 

3.1 
36.7 6.1 

13 
1,700 

1.071 10.04 
1.073 10.29 

2.5 

15.4 

2.6 

18 1,600 1.071 9.89 1.071 10.04 
1.5 

10.0 1.7 
20 

1,580 1.067 9.67 1.070 10.04 3.8 23.5 
3.9 

29 
1,550 

1.067 9.52 1.068 9.78 2.7 16.6 

2.8 

34 1,500 1.067 9.56 1.068 10.09 
1.9 

11.4 

1.9 

37 1,550 1.067 9.61 
1.176 9.74 1.4 9.1 

1.5 

39 1,500 
1.067 9.51 1.070 

9.81 
3.2 

19.8 3.3 

41 1,520 1.067 9.48 1.069 
9.71 

2.4 

15.3 
2.6 

43 
1,350 

1.067 10.00 
1.069 

10.22 
2.2 14.3 

2.4 
46 

1,490 
1.067 10.19 1.069 10.28 

.9 

6.1 1.0 

52 1,445 1.067 
9.94 

1.068 
10.24 

3.0 
20.3 

3.4 

59 1,500 
1.067 9.90 1.068 10.07 

1.7 
10.7 

1.8 

62 1,430 
1.067 10.05 1.068 10.23 1.8 11.8 

2.0 
64 1,430 1.067 10.11 1.068 10.26 

1.5 
9.5 1.6 

66 1,460 1.067 
9.90 1.068 10.11 2.1 13.6 

2.3 

67 1,400 1.067 9.83 1.064 
9.55 1.4 9.3 1.6 

68 1,450 
1.06  7 9.79 1.067 10.26 

4.8 

28.0 

4.7 69 
1,370 

1.067 10.09 1.068 
10.22 1.3 8.5 1.4 

Mean 1,562 
1.068 9.86 1.075 10.13 

3.2 

18.3 

3.1 

—   The  water  loss  during  the  drop  is  calculated  from  the  increase  in  the  salt  content  of  the 

retardant  reaching  the  ground.   Percent  values  shown  represent  percent  loss  based  on  a  600-gal. 
load . 

TABLE   5.— RETARDANT   CHARACTERISTICS    BEFORE  AND   AFTER  EACH  TEST   DROP   OF   FIRE-TROL   100 

:    Characteri sties  bef ore  drop Characteristics after  drop 
Salt 

:  Increase 

:  in  salt :   Water 
Drop 

:   Salt loss 

dropi' 

No. :  Viscosity   : 
Density :  content Density    : content :  content 

:   during 

Centipoise G./aa. Peraent G./aa. Peraent Peraent Gallons Peraent 

3 4,465 
1.139 13.34 

1.156 
14.37 7.7 51.0 

8.5 

7 
2,160 

1.146 13.15 1.149 13.56 

3.1 
19.8 3.3 

9 2,240 
1.144 13.96 1.158 14.82 6.2 

41.4 
6.9 

14 3,830 
1.176 16.23 1.186 

17.14 
5.6 36.6 

6.1 16 2,560 1.165 15.10 1.171 15.60 3.3 22.2 

3.7 21 3,290 1.167 15.05 1.171 16.37 8.8 
50.4 

8.4 

24 1,940 
1.154 14.73 1.157 16.12 

9.4 
53.4 

8.9 

30 2,360 
1.152 14.82 

1.159 
15.16 

2.3 
17.4 

2.9 

32 1,880 
1.155 14.33 1.164 15.33 

6.9 

43.2 7.2 
38 2,850 1.174 15.85 1.176 16.29 

2.8 
17.4 

2.9 

45 
2,500 1.158 16.38 1.186 18.48 12.8 

80.7 

13.5 

47 
2,520 

1.163 16.40 1.181 18.05 10.1 63.0 
10.5 

51 2,900 1.170 16.98 1.171 17.54 3.3 
19.8 

3.3 56 2,250 
1.149 15.36 

1.166 16.21 

5.5 39.6 
6.6 

58 2,260 
1.156 15.87 1.173 17.43 

9.8 
61.8 

10.3 

60 
2,410 

1.157 15.20 1.159 15.53 
2.3 

13.8 

2.3 

Mean 
2,651 

1.158 
15.17 

1.168 16.13 6.2 39.5 6.6 

—   The  water  loss  during  the  drop  is  calculated  from  the  increase  in  the  salt  content  of  the 
retardant  reaching  the  ground.   Percent  values  shown  represent  percent  loss  based  on  a  600-gal. 
load. 
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TABLE    6.— RETARDANT    CHARACTERISTICS    BEFORE   AND   AFTER    EACH    TEST    DROP    OK    FIRE-IRiil.    'Ml 

Characterl sties   bef ore   drop       :    Characteristics 
after   drop 

Increase    : 
Drop 

:      Salt         : 
Salt 

in   salt       : 

Water 

X" 

No. Viscosity      : 
Density 

:    content    :           Density       ; content content       ; 

during 

Centipoise G. /aj. Peroen  t              i: /.c. rercimt 
r.,Or !;,-,:j,;tt ''■'''■'- r.'r-::':t 

1 226 1.122 8.60                    1 138 10.40 
10.5 

62.4 
1(1.4 

6 
154 

1.122 9.92                    1 
128 

10.28 3.6 
24.0 

4.U 

11 70 1.122 9.40                    1 
144 

11.18 18.9 
105.6 

17.h 

15 
75 

1.122 9.43                    1 122 9.73 3.2 

18.6 

).  1 

17 
140 1.122 9.42                    1 126 9.76 

i.b 

23.4 
3.9 

22 
140 1.122 9.98                    1 131 

10.47 
4.9 

3  3.0 

5.5 

25 78 1.101 7.84                    1 108 
7.93 

1.1 

9.6 

1.6 
26 80 1.101 7.81                    1 112 8.60 

10.1 

■,9.4 

9.9 
28 

68 1.101 7.95                    1 

105 
8.  19 

3.0 
19.2 

i.  J 

31 72 1.101 7.98                    1 106 
8.28 

3.8 24.0 4.0 

36 160 1.103 8.03                    1 

HI 
8.71 

8.5 51.0 8.5 

40 140 1.103 7.86                    1 108 
8.33 

6.0 
34.8 

5.H 

44 440 1.101 7.68                    1 124 9.60 25.0 127.8 

21.3 
49 

250 1.103 10.04                    1 

138 
11.40 

13.5 79.2 13.2 

53 
60 

1.103 8.45                    1 
104 

8.66 2.5 
15.6 

2.6 
54 

120 
1.103 8.41                    1 105 8.55 1.7 

10.8 

1  ,8 
61 

160 
1.103 8.44                    1 109 9.07 

7.5 

45.0 

7.5 

65 30 1.103 8.67                    1 109 9.12 

5.2 

13.0 

5.5 

1.109 8.66 
9.35 

—   The  water  loss  during  the  drop  is  calculated  from  the  increase  In  the  salt  Lontent  of  tht* 
retardant  reaching  the  ground.   Percent  values  shown  represent  percent  loss  based  on  a  600-gal. 
load  . 

TABLE  7.— ENVIRONMENTAL  CONDITIONS  DURING  EACH  TEST  DROP  OF  WATER  AND  CHEMICAL  RETARDANTS 

Drop 

No. 

Air 

temperature 

Relative  : 

humidity  :  Wind speed :  direction- 

Drop 

No. 

Air      :  Relative  ;  :    Wind 

temperature  :  humidity  :  Windspeed_  :  ̂ direction- 

°F. 

Percent 
M.p.h. 

Dejrees 

°F. 

Pe;w>it M.p.h. 

I'eji'ee^ 

PHOS- 

CHEK    XA 

FIR£- 

TROL    100 

2 
68 

27 2.2 111 L 3 70 

25 

4.3 

138   R 
5 60 47 

3.4 

123 
1, 7 68 

38 

3.6 
174    R 

10 59 

50 

5.3 

144 
I. 9 

54 

53 

2.0 

135    L 

13 65 

48 2.3 

151 
L 

14 

65 
48 

.7 

7  3    1. 

18 67 

38 

2.5 
108 R 

16 

65 

44 2.6 

139   R 20 
63 

45 
2.7 138 

L 21 67 

38 

4.8 

175   K 
29 56 

67 
3.3 

135 
R 

24 59 

47 

1.7 

145    L 

34 
63 

58 
3.4 

140 
L 30 60 

63 

2.8 38    R 

37 57 65 
3.8 

65 

L 

32 

57 

65 

2.4 

76    R 

39 57 
55 5.0 

105 
L 

38 

61 

64 

10.4 

68   I. 
41 58 

51 3.9 
162 L 

45 

67 

41 

13.2 110   L 

43 
64 

46 

3.9 

85 

L 47 

67 

41 

8.4 
94    I. 

46 68 40 13.0 113 L 

51 

55 

78 

6.4 
162    R 

52 58 
65 

.2 

136 L 56 

57 

66 

4.3 
42    I. 

59 61 58 

.3 

37 

R 

58 

61 55 

.3 

29    R 
62 59 

51 

4.2 152 R 60 

57 
58 

3.4 

128   L 

64 
56 

55 

.1 

94 R 

66 56 

54 

1.9 81 R 

67 58 

48 

3.3 120 R 

68 58 49 1.5 152 R 

69 
54 

61 4.9 

102 L 

FIRE-TROL  931 

,2/ 

1 51 34 
4.9 

156 L 4 

70 

25 

2.1 153    L 

6 64 
43 

1.6 156 L 8 68 

37 

5.9 

177    R 11 60 51 
3.0 

140 
L 12 62 50 

5.0 

159    I. 

15 65 48 

5.4 

150 L 19 66 39 

2.0 

100   K 
17 68 

40 

2.4 
14 R 23 69 

35 

4.0 58   R 

22 69 

37 

3.8 
127 

R 

27 67 

37 

3.2 
170    L 

25 63 42 
2.5 

129 I. 

33 

63 

58 

3.2 

102    R 26 68 

37 

5.7 
166 L 35 64 55 

(.9 

157    1, 
28 51 76 

2.5 
119 I. 

42 

59 49 

2.4 

91    L 

31 63 58 1.1 

38 

R 50 

54 

«2 

7.7 
no  L 

36 
59 

65 

5.5 48 I, 

55 

59 63 .2 

17S   R 40 
58 

51 
1.3 135 

I, 

57 

59 62 

.9 

16  3   I, 

44 67 

42 

19.4 
126 I. 63 

57 

56 

5.  3 

150   I, 
49 

65 

43 

5.0 
142 I. 

70 

56 59 5.5 
115   1. 

53 59 62 

.2 

154 
L 71 61 

46 

.  3 

169   K 

54 59 61 

.8 

167 

1, 

72 

62 42 3.8 
143   1. 

61 58 

54 

5.4 
177 L 

73 63 

43 2.6 i2   I 

65 

56 54 
4.4 138 

R 

74 

63 

4  2 

2.4 

91    I. 
1/ 

The   wind direction    is Riven    in    dec .rees    lef 
t    or    r ieht    of    eri d    center    (0 

"    -    tailulnd,     180°    =    he.ldwlnd). 2/ 

—   At  a  viscosity  of  1.0  centipoise  and  a  density  of  1.0  grams/cubic  centimeter. 
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TABLE   8.--AIRCRAfT  HEIGHT  AND  SPEED,    AND   DROP   HISTORY   AND  TRAJECTORY   FOR  PHOS-CHEK  XA 

Mean 

Drop  speed Drop  height 

Drop  history 

Drop 

traje 

Drop 

No. 

Time    to 

exit   tank 

:    Time   to   reach 

:          ground 

:   Time   to 

settle 

ctory 

Horizontal    : Vertical 

Knots Feet -   -  Seconds    -   - _    -    _    - 

Feet   -   -   -   - 
2 115 168 1.67 6.50 12.63 

-- 

-- 

5 96 
152 1.61 

5.63 
8.67 

-- -- 

10 
111 228 

-- 
9.48 13.04 

-- -- 

13 
97 

269 -- 10.21 14.48 -- -- 

18 
98 90 -- 3.10 6.46 

-- -- 

20 117 91 1.35 
3.33 7.71 

-- 

-- 

29 
116 

182 
1.52 

6.79 
12.29 

495 

59 

34 108 
182 1.35 6.85 11.90 

549 

81 

37 124 248 -- 7.33 

-- 
39  3 

77 
39 122 166 1.26 6.25 11.25 

491 69 

41 
98 

191 

-- 

7.29 11.60 447 73 

43 102 237 -- 
8.15 

13.15 

482 

83 

46 103 
145 

-- 5.27 9.46 494 87 

52 113 111 — 4.79 

8.27 
540 

62 
59 

122 305 -- 11.88 16.35 -- -- 

62 
113 187 1.45 7.58 14.00 -- -- 

64 110 242 
-- 8.33 12.71 485 

126 66 112 159 1.39 6.77 12.29 
442 

114 67 107 98 
1.63 

4.27 

8.85 
455 61 

68 101 98 1.56 
3.00 7.40 

520 76 

69 100 159 -- 
5.73 

9.69 517 

77 
109 177 1.48 6.60 11.11 

485 80 

'    Available   data  depended  on   movie    coverage, 

point  was    out   of  the   camera's    view. 

IVhere   data   are    lacking,   the   drop   release   or  empty 

Mean 

TABLE   9. --AIRCRAFT  HEIGHT   AND  SPEED,    AND   DROP  HISTORY   AND  TRAJECTORY    FOR   FIRE-TROL    100^ 

Drop   speed Drop   height 

Drop  history 

Drop 

traje 
Drop 

Time   to 

exit   tank 

•   Time   to   reach 

:          ground 

:   Time  to 

:      settle 

ctory 

No. Horizontal    : Vertical 

Knots 

116 

Feet 

157 

Feet 

3 1.66 
6.  17 

13.71 
7 103 

157 
-- 5.75 11.83 

-- 

-- 

9 114 
223 -- 10.83 18.81 -- -- 

14 97 275 -- 
11.04 

-- -- -- 
16 96 

79 

1.56 2.77 9.04 
-- -- 

21 109 

72 

1.56 2.90 
10.17 

-- -- 
24 114 153 -- 7.08 

15.31 
507 

82 

30 120 149 1.65 

-- 

-- 
546 

64 

32 
99 

137 
-- 5.21 

13.75 

466 

89 

38 127 253 -- 
10.04 

-- 
670 144 45 10  3 

154 
1.65 5.40 12.90 

517 

90 

47 107 2  32 1.84 9.19 
17.92 516 

96 

51 95 92 1.65 5.02 9.33 305 

48 

56 125 
83 

-- 3.27 11.50 

507 
-- 

58 105 272 -- 10.33 19.08 
-- 

-- 
60 104 161 -- 6.88 15.48 — -- 

lOS 166 
1.65 

6.66 13.76 
504 

'    Available   data   depended   on   movie    coverage.      Wliere   data   are    lacking,    the   drop   release   or 

empty    point  was    out   of  the    camera's    view. 
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TABLE    10. --AIRCRAFT  HEIQIT   AND  SPl^LD,    AND   DROP   HISTORY    AND    IRA.Jl.CTORY    lOU    MRI;-TROI,  931  ' 

Drop   speed Drop  height 

Drop  history 
Drop 

No. 

Time   to 
exit    tank 

lime    to   reach    : 

ground             : 

r i rae   to 

sett  !;■ 

Drop  trajectory 
llori  zontal     :    Vertical 

Knots Feet 

lonih   - 

1 113 

6 104 
11 113 

IS 
97 

17 99 
22 117 
25 

97 
26 93 
28 116 
31 106 

36 124 
40 95 
44 97 
49 

97 
55 94 

54 115 
61 101 
65 105 

Mean 105 

146 1.42 
6.17 12.  10 

-- -- 

125 
-- 4.83 

11.  (>3 
-- -- 

289 1.35 13.25 -- -- 
325 

-- 
-- 

67 
1.74 

2.33 

8.02 
-- 

80 1.35 
2.75 10.83 

-- 

-- 

158 
-- 7.08 

15.03 522 1  19 
246 -- 11.63 -- 421 

90 

150 -- 6.98 1  8 .  96 520 

69 

157 1.49 6.96 523 112 
298 -- 13.15 -- 

612 

()7 
180 -- 

7.75 

15.00 

468 

106 

234 
-- 8.55 17.42 

407 

91 

283 -- 13.  15 25.53 535 

73 

88 -- 3.31 -- 
462 

-- 
95 -- 3.31 -- 54  3 59 

165 -- 6.77 1  3 .  50 
-- -- 

272 
-- 11.88 18.23 

493 

91 

186 
1.47 

7.63 
15.  11 501 88 

Available   data   depended   on  movie   coverage, 

empty   point   was    out    of  the   camera's    view. 

Wliere   data   are    lacking,    the   drop   release   or 

TABLE    11. --AIRCRAFT   HEIGHT   AND  SPEED,    AND   DROP    HISTORY    AND  TKAfECTORY    FOR   WATER 

Drop   speed Drop  height 

Drop  history 

Drop t  raj 

Drop Time   to 

exit   tank 

:   Time    to   reach 
:          ground 

Time   to 
sett  le 

ectory 

No. [fori  zontal    : Vertical 

Knots 

116 

Feet 

171 

r>  ̂   ̂ ,,^,  J, 

-Fee 

t   -   -    -   - 

4 1.61 8.02 19.06 

8 108 178 -- 8.79 12.21 

-- 

-- 
12 110 295 -- 12.92 20 .  79 -- -- 
19 95 75 1.66 

3.02 
10.00 -- -- 

23 119 80 1.59 2.77 12.02 -- -- 
27 104 300 -- 13.96 

' -- -- 
33 108 

164 
1.35 

-- 

-- 
385 

78 

35 103 188 -- 
7.73 

17.00 417 69 
42 

104 188 8.15 
14.  77 

498 

73 

50 114 332 1.83 15.23 

-- 

491 

59 

55 
99 103 -- 4.48 

1 1 .  85 428 

76 

57 100 218 -- 9.40 
26 .  69 

373 

110 63 HI 180 

-- 
7.23 

20.63 
-- -- 

70 
97 

91 -- 
3.02 10.42 504 

77 

71 98 264 10,79 
18.31 457 97 

72 111 97 
1.68 

3.92 13.40 
506 

67 

73 98 147 1.89 6.  10 
15.83 

499 

94 
74 110 167 -- 5.  75 16.63 

540 127 
Mean 106 180 1.66 7.  72 

15.97 

463 

84 

Available   data  depended   on   movie    coverage.      Where   data   are    lacking,    the   drop    release   or 

empty   point   was    out    of  the   camera's    view. 
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TABLE    12A.--PH0S-CHEK   XA   RECOVERY    BY   CONCENTRATION   CLASS   AND  TOTAL   RECOVERY 

Total 
Drop 

Concentration   c lass retardant 
recovered 

Drop 

No. :    <0.2 0.2-0.99 1.0-1.99 2.0-2.99    : 3.0-3.99 4.0-4.99 
:    >5.0 recovered 

Gallons 

Percent 

2 15.9 97.1 82.2 94.0 86.1 54.2 
62.1 

492 

82. C 
5 13.1 90.3 93.6 118.1 

90.8 52.3 
62.0 520 

86.7 

10 13.4 103.5 127.3 145.5 42.5 
45.0 

22.8 500 
83.3 

13 23.2 70.7 148.2 136.3 73.6 38.9 6.3 497 82.9 
18 18.2 57.1 

62.3 65.4 
39.0 

61.1 177.9 481 
80.2 

20 17.6 82.9 93.6 110.1 119.1 
45.8 90.3 

559 
93.2 

29 22.3 113.6 144.8 78.0 
98.3 

38.3 43.1 538 89.7 
34 15.0 95.  3 119.4 

77.1 
124.6 78.7 35.3 545 

90.8 

37 34.2 166.8 136.1 
149.  3 

62.7 
29.3 

11.8 
590 

98.3 

39 
48.6 128.9 129.5 107.2 90.0 20.7 59.2 

584 

97.3 

41 14.3 88.5 146.0 116.8 104.0 60.4 
61.8 

592 98.7 
43 21.3 119.5 146.7 

86.4 

77.3 
29.9 32.0 513 

85.5 

46 20.2 107.6 143.7 115.7 50.6 
30.0 23.9 

492 81.9 
52 34.3 97.0 97.7 71.8 154.  1 73.7 

43.8 
5  72 95.4 

59 20.7 89.4 171.0 187.4 67.6 19.4 0 556 
92.7 

62 28.4 146.2 158.5 134.7 
46.  1 29.6 

12.7 556 92.7 

64 
20.6 95.2 122.1 164.2 

86.9 
66.0 

18.5 

574 

95.6 
66 39.7 93.1 140.0 147.0 63.3 47.9 24.6 

556 
92.6 

67 36.9 89.7 102.0 102.4 88.0 
65.5 112.3 

59  7 

99.5 
68 43.9 70.7 93.1 72.8 

77.8 

60.7 164.4 583 
97.2 

69 26.4 105.5 92.1 1^8.5 134.6 62.5 20.6 590 98.4 

TABLE    12B.--PH0S-CHEK    XA  COVERAGE   BY    CONCENTRATION   CLASS  AND  EFFECTIVE   PATTERN    DIMENSIONS 

Di mens  ions 

of  2    g 

al./ 

Concentration   c lass 
Total 

area 
100   ft. 2 

CO vera 

ge 

Drop Length Maxi 

No. 
<0.2 

0.2-0.99 1.0-1.99 2.0-2.99 :  3.0-3.99 4.0-4.99 :    >5.0 
Maximum  :  >5  .0  : 

>10.0 
wic 

Square 

  Sq 

5,963 

uare  feet 

3,825 

feet 

71.438 2 37,800 19,125 
2,4  76 1.238 1.240 

184 181 

180 

11 

5 40,050 16,200 7,200 4,613 
2.588 1.238 

901 72,788 201 

19  7 

193 6S 
10 20,588 21,166 8,550 5  ,963 

1.238 1.013 

388 58,853 217 

205 191 

7S 

13 
49,050 15,075 9,900 5,625 2,138 

900 113 
82 ,  800 

144 

138 133 

6^ 

18 53,100 12,038 4,163 2,588 
1,125 1.350 2.477 

76.838 206 

202 178 

5( 
20 42,975 15,638 

6,188 4,275 
3,375 1.013 1.126 

74.588 266 

259 

252 

6^ 

29 74,700 20 , 700 9,788 3,263 2,813 
901 6  75 112,838 200 195 

170 

8; 

34 40,725 18,964 8,438 3.263 3,488 
1,800 

56  3 77.239 

20  3 

19  7 

191 

6c 

37 33,413 34,334 9,338 6,0  75 1,913 
6  75 

225 

85.9  72 
196 

189 184 

75 

39 45,563 25,875 8.663 4,388 2,588 
450 

1.014 

88.538 
193 185 170 

T: 

41 16,763 16,525 
9,563 4,725 3.038 1,350 1.013 

52,975' 

149 146 142 6C 
43 

34,538 22,838 10,013 
3,488 

2,250 
6  75 563 74,363 218 212 

205 

s; 

46 37,5  75 23,063 10.125 4,725 1,463 
675 

450 

78,075 237 236 236 

5? 

52 46,913 21,263 
6.863 2.925 4,388 1.688 

6  76 84.713 281 275 
2  73 

5C 

59 65,363 17,663 11.130 7,650 2.025 
450 0 104,288 245 218 219 7; 

62 56,588 28,125 10,800 
5.625 

1,350 675 
226 103.388 263 228 186 4( 

64 33,076 17.550 
8,213 6.413 2.588 1,463 

338 
69.641 

259 256 

249 

6: 

66 64,688 18,563 9,675 5.850 
1.913 1. 125 

450 102.263 240 232 

223 

6 
67 49,950 18,900 7,425 4,163 2,588 1.463 

1.801 

86,288 
292 

267 254 

5f 

68 55,575 12,938 6,525 2,925 2,250 1.350 2,139 
83,700 

201 

197 19  7 

6( 

69 36,338 20,363 6,638 
5.850 3.9  38 1.463 

338 74,925 256 255 214 

6: 
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TABLE    13A.--FIRE-TR0L    100    RECOVERY    BY    CONCENTRATION    CLASS    AND  TOTAL   '>£COVERY 

Drop Concentration   class 

Total 

retardant 

recovered 

Drop 

No. 
<0.2 

0.2-0.9S1 1.0-1.99    :    2.0-2.99    :    3.0-3.99 4.0-4.99    : 
?5.0 

recovered 

_   _   _   . -------    -Call o>TS ------ _    _    _    _ 
Gil  1 1 1  v-u^ 

Pl■r•,-^^'nt 

3 28.9 84.1 
7 19.4 83.2 

9 20.  I 113.7 

14 23.1 109.8 
16 26.5 71.3 

21 27.1 
79.2 

24 32.8 115.4 
30 34.7 111.9 
32 23.5 103.2 

38 24.5 2  78.9 
45 41.7 104.7 
47 42.9 151.7 

51 42.5 78.5 

56 33.4 81.7 
58 23.7 89.  7 

60 2  3.5 103.8 

113.8 
76.6 

140.0 
144.  8 

66.4 
81.  7 

127.2 
187.6 
87.5 

187.4 
172.6 

188.9 
76.8 

99.4 
134.  1 
111.4 

167.  3 
116.2 

164.2 
140.0 
72.8 

101.6 
76.4 

123.6 
73.  2 

16.(1 61.8 
70.3 

96.3 
68.8 
172.5 

150.8 

11 

5 

54 

7 

37 

3 

87 

5 68 

7 

55 1 

82 

8 

64 0 

80 1 

0 

24 

1 

3 4 
70 

1 
40 

1 
40 

-) 

69 9 

23.  1 
0 

35.4 
81 4 

4.5 0 

15.5 0 
54,8 135 8 
41.4 

90 

7 
29.5 

28 5 
24.2 0 

59.9 
51 2 

0 0 

0 0 

0 0 
44.  1 134 5 
24.2 91 5 

13.7 
18 8 

28.9 29 7 

429 46  7 

480 52  1 

49() 477 

49  3 

54b 4  79 

50  7 

405 

457 54  3 

4  39 
49  3 

518 

71 

5 

77 8 

80 II 

86 8 

82 7 

79 

5 

82 1 

9  1 0 

79 

8 

84 5 

6  7 

5 

7(> 2 

91) 

5 

73 

2 

T,\BLE    13B.--FIRL-TR0L    100    COVER/\GE    BY    CONCENTRATION    CLASS    AND  EFFECTIVE    PATTERN    DIMENSIONS 

Dimens  ions 

of   2    g 
al./ 

PP    : Concentration   cl ass Total 

area 

100 

ft.-^
 

covera 

ge 

Len 

gth
 

Maximum 

r     :      <0.2 0.2-0.99 1.0-1.99 2.0-2.99 3.0-3.99  : 4.0-4.99 

>5.0 

Ma XI  mum  : >5.0   : 

>10.0 

wi  dtll 
' 

Square 

r.^ 

uape   fee  t 

6,975 

feet 

110,169 

Fet 

,  f- 

\         75,150 19,269 7,875 
338 

563 
0 224 

-)->-> 

219 55 

I         64,575 17,775 5,400 4,725 
1,575 

788 

1  ,5  76 
96,413 199 196 185 

6  8 

47,813 23.738 9,225 6,638 1,125 
113 0 

88,650 
215 205 

197 

57 

66,488 23,175 9,675 5,96  3 2,588 338 
0 108,225 

182 

165 

1()2 

7  3 

\         83,363 14,400 4,613 2,925 2  ,025 
900 

1  ,802 

110,025 2114 
20  1 

19  8 

5  8 

I         82,125 16,614 
5,738 3,9  38 1,688 900 

1,463 

112,464 

229 

225 219 (>0 

10,163 23,850 8,663 
3,150 2,36  3 

675 
45  1 

140,513 210 174 15  3 

37 

1         84,9  38 21,600 13,2  75 5,063 1,913 56  3 
0 

12  7,350 
257 248 

2  25 

54 

\         56,475 18,225 6,188 3,038 2,363 1  .  350 

1,239 
88,875 

20  1 

19  7 

194 

i<2 

\         28,575 5  8,499 13,838 788 0 0 0 101  .699 
19  1 

187 

185 

80 

68,625 21,150 12,038 
2,700 

675 0 0 105.188 5  3 

4(1 

39 25 

61,650 30,713 13,275 
3,038 113 

0 

(J 

108,788 
15  2 

127 9  7 
20 

51,300 16,76  3 
5,400 3,825 2,025 1  ,013 

1,802 
82,125 

212 

2  10 

2116 

5  8 

I          79,650 16,650 7,200 2,813 1  ,125 
56  3 

1  ,464 

109,46  3 

221 

19(1 

185 

(.0 

i          80,100 18,113 9,000 7,088 1  ,125 
338 338 

116,  100 
209 

188 

176 51 

\          44,325 
i 

20,813 7,763 6,188 2,025 
675 565 

82,350 
244 239 

2.39 

(id 

1 
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TABLE    14A.--FIRE-TR0L  931   RECOVERY   BY   CONCENTRATION   CLASS   AND  TOTAL   RECOVERY 

Total 

Drop 
Concentration  c lass retardant 

recovered 

Drop 

No. :    <0.2 0.2-0.99 ■    1.0-1.99 :    2.0-2.99    : 3.0-3.99 :    4.0-4.99 

>5.0 

recovered 

Gallons 

429 

Peraer.t 

71.5 
1 20.5 112.8 107.5 50.7 62.1 41.1 34.7 

6 10.1 65.7 72.4 
68.6 

77.7 
39.9 

74.7 
409 

68.2 

11 45.3 164.9 216.6 28.5 0 0 0 455 

75.9 

15 6.2 56.2 184.8 63.6 3.S 0 0 

314 

52.3 

17 36.7 70.0 60.0 59.4 61.7 
24.8 82.5 

395 
65.8 

22 28.6 86.2 110.5 105.7 38.5 
35.6 48.3 

453 
75.6 

25 34.4 104.6 130.3 
81.1 

51.6 40.9 26.7 469 
78.2 

26 19.2 101.5 126.1 68.9 26.9 14.5 

5.9 363 

60.5 
28 21.0 111.1 96.5 125.0 74.2 49.2 

35.2 
512 

85.4 

31 57.1 123.9 151.4 103.4 79.6 49.6 6.2 571 95.2 
36 52.  1 176.8 178.6 

65.2 
19.5 0 0 492 82.0 

40 26.2 116.4 122.7 163.2 
75. 4 14.6 

6.4 
525 

87.5 

44 30.0 91.2 128.2 32.9 
17.3 

0 0 

300 

50.0 

49 18.4 166.8 181.2 7.5 0 0 0 374 
62.3 

5  3 56.9 108.1 75.6 65.0 75.4 80.1 92.5 

554 

92.3 

54 55.2 109.1 78.3 60.8 78.5 24.9 150.6 

557 

92.9 
61 13.5 113.5 129.6 106.8 65.9 

15.6 
34.5 479 

79.9 

65 
8.4 132.6 184.9 97.4 15.8 

4.6 
0 444 74.0 

TABLE    14B.--FIRE-TR0L  931    COVERAGE   BY   CONCENTRATION   CLASS   AND  EFFECTIVE   PATTERN   DIMENSIONS 

Dimensions of  2   gal./ 

Concentration    cl 
ass 

Total 

area 

IOC 

ft.-^ 

covera 

ge 

Drop 

Len 

gth 

Maxii 
No. <0.2     : 0.2-0.99 

1.0-1.99  • 
2.0-2.99 3.0-3.99 4.0-4.99 

:    >5.0 
Maximum  : 

>5.0  : 

>10.0 
wid 

Square ^^ uare  feet -   -   -   - 

feet 

-   -   -   - - 
-   -Feet-   -  - 

-   bq 

1 40,613 22,613 
7,425 2,025 1,800 

900 56  3 75,938 222 221 

220 

47 
6 37,575 12,060 

4,950 2,925 2,250 
900 

1,238 
62.898 

186 

179 

176 

62 
11 69,638 31,4  76 15,075 

1,238 
0 0 0 117,426 

57 

48 

40 26 
15 15,188 13,888 12,600 

2,813 
113 0 0 44,601 

114 104 

88 

47 

17 109,575 15,525 4,275 2,363 
1,800 

563 
1,350 

135,450 2  32 

217 

208 

41 
22 75,938 17,100 7,538 4,388 1,125 

788 789 
107,663 216 

197 

195 47 
25 86,625 19.463 

9,563 3,375 1,463 900 
450 121,838 

224 

201 190 50 
26 32,963 19,350 

8,325 2,925 
788 338 

113 
64.800 

127 122 117 

60 

28 60,975 21  ,488 
6,750 5,063 2,138 

1,125 

563 98,100 189 

185 

180 

79 

31 75  ,600 26,888 10,800 4,388 2,363 
1,125 

113 121.275 

245 

227 

218 

49 

36 61,538 40,496 11,925 
2,813 

56  3 0 0 
117.334 

146 

81 

54 

36 

40 
31,725 22,950 

8,775 6,750 2,138 
338 113 

72,788 
248 

246 

214 

69 

44 
7,513 29,821 

9,592 1,350 
450 0 0 

51,219 

32 

30 

27 
39 

49 19,800 35  ,  339 13,500 338 
0 0 0 

68.976 

27 

19 0 

IC 

53 79,313 24,247 5,288 2.588 2,138 
1,800 1,239 

116.610 245 235 

227 

s: 

54 63,450 26,073 
5,513 2.588 2,250 563 

2,139 

102,573 188 172 172 

7^ 

61 40,613 21.825 
8,775 4.388 

1,913 

338 563 
78.413 

233 

222 

195 

2C 
65 

11,925 27,516 13,500 4,050 
450 

113 
0 57.556 168 166 156 4f 

48 



TABLE    ISA. --WATER   RECOVI^RY    BY   CONCENTRATION    CLASS    AND  TOTAL    R£COVL:kY 

Total 

Drop Concentration    c 
la.ss 

rctardant 

recovered 

Drop 

No. :    <0.2 0.2-0.99 1.0-1.99 2.0-2.99    : 3.0-3.99    : 4.0-4.99    : 
?5.0 recovered 

386 

64.  3 

4 29.2 115.8 119.  1 

yT     -) 

34.5 
9.3 

5.9 

8 17.5 108.2 145.6 
74.9 

32.  3 
9.6 

0 

388 

6  4.7 

12 26.9 133.6 164.1 56.5 0 0 0 381 
6  3.5 

19 18.0 86  . 6 62.4 87.6 66.7 .39.7 

99.6 

46  1 76.8 

23 20  .  3 114.  1 112.4 
75.4 65.  7 36.  3 

39  .  7 
464 

77.3 
->  7 

26.  7 149.4 98.7 42.0 
3.4 

n 0 

320 
53.4 

3.3 
26.6 132.4 125.6 

70  .  3 
60.7 2  4.4 

7.  1 

447 
74.5 

35 10.8 74.  2 140.  1 113.5 
44.  3 

4.8 0 

388 

64.6 

42 21.2 180.2 129.0 94.8 64.9 
33.4 

0 

524 

87.2 

50 19.4 65.4 31  .8 19.7 0 0 0 136 
22.7 

55 22.1 126.3 102.4 102.3 59.6 
63.4 5  4.7 

5  31 
88.5 

57 18.6 111.4 109.0 106.6 53.2 
5.4 

0 404 
67.3 

63 29.  1 172.  1 131.8 57.6 22.8 26.3 

19.0 

459 
76.5 

70 19.6 90.  1 55.5 74.  1 55.5 43.  1 96.5 
4  34 

72.3 

71 28.6 117.6 149.4 
72.  1 

19.7 15.  3 
0 

40  3 

67.5 

72 31.2 105.9 103.3 71.2 63.5 50.  3 0 4  25 
70.9 

73 25.3 103.8 104.9 66.4 
40.  1 45.6 40.  3 

426 

71.1 

74 36.  7 112.2 185.5 71.  1 
15.7 13.7 

0 

435 72.5 

TABLE    15B 
--W.ATER 

COVERAGE    BY CONCENTRATION CLASS AN'D  EFFECTIVE   PATTERN    DIMENSIONS 

1 Dimensions 

of  2    g 
al./ 

3rop 
JO. 

Concentration    cl 
ass 

Total 

area 
100    ft.' 

covera 

ge 

Length 
Maximum 

<0.2 0.2-0.99   : 1.0-1.99 :  2.0-2.99 3.0-3.99 
:  4.0 

-4.99 

5  5.0 Majci  raum  :  >  5 . 0   : 

>10.0 

width 

Sq  uarM 

,-1 

qua  re  feet 
-    - -    -    -    - ■    -    -    - 

feet 

-    -   -    - -    -    -Fee 

t   

*" 

'    4 47.700 23,288 
8,662 3,038 1,0  13 

225 113 84,038 

130 

131 126 

50 

8 34,425 23,728 10  ,237 
3,038 900 

225 0 72,45  3 86 

79 69 

112 

12 29,925 5  7,000 12,038 2,588 
0 0 0 71,550 74 69 69 

6  5 

19 35,550 18,226 4,500 3,600 1,913 
900 

1,465 66,150 
211 206 

200 

75 

23 23,963 22,163 8,100 3,038 1,913 

788 563 

60.525 
20  7 214 

211 

6  4 

27 24,975 32,625 
6,975 1,800 

113 0 0 

66  ,4  88 

6  8 
62 61 

52 

33 31,275 26,775 
9,113 2,813 1,800 

563 
113 

72,450 
89 83 

79 

112 
35 11,138 14,225 9,450 4,500 

1,2  38 

113 0 40,663 185 

184 180 

59 

!   42 18,900 40,950 9,450 3,938 1,913 

788 
0 

76,056 
171 

164 150 

59 

1   50 21,825 14,625 2,138 
788 

0 0 0 
39,375 

56 

38 18 

14 

t,55 44,663 26,775 7,200 4,275 1.800 
1 

,46  3 

901 
87,075 

262 25  1 

2  49 

56 

!   57 23,288 24,976 7,763 4,500 
1,575 113 

0 62,213 

146 

138 

130 

6  3 

!:63 27,000 35,412 9,900 2,475 
675 563 338 76,262 

117 

112 

10  3 

(M 

!   70 29,138 20,138 3,938 2,925 
1,688 

1 

,013 

1,12  7 

60  ,188 
226 

2  13 

187 

62 

i   71 40,050 25,200 10,125 
3,150 

56  3 338 0 79,425 

115 

9  8 

79 

62 

1   72 41,850 24,525 
7.313 2,925 

1,800 

1 

,125 

0 79,538 
184 172 165 

54 

1^73 30,488 2  3,850 7,313 2,700 1,238 
1 

,013 

6  76 
67,275 

182 177 173 

4  4 

il74 36,900 25,650 13,388 
2,925 

450 

338 
0 

79,650 
126 

120 103 

34 

49 



TABLE    16.— PREDICTIONS   OF  THE   AREA   COVERED    (IN    SQUARE    FEET)    BY    2    GAL./lOO    FT .  ̂    FOR   PHOS-CHEK   XA  AND    FIRE-TROL    lOOi^ 

1/ 

2/ 
Values  within  outlines  are  those  upon  which  most  confidence  should  ba  placed. 

Wlndspeed 
Drop   height 

(feet) 
(m.p.h. ) :       50 :     75         : 100         : 

125 
150          : 

175 
:        200       : 225          : 250         : 275          : 

300         : 325       : 

8,82  3 

PHOS-CHEK   XA 

0 
9,257 

-''9,649* 

9,990 10,274 
10,497 10,654 10,742 

10,759* 

10,705 

10,580* 

10,388       1 
1 8,619 9,045 9.414 9,718 9,950 

10,104 10,176 10,164 10,069 
9,894 

9,642 9,319 
2 8,443 8,866 

9,214* 
9,478 

9.649* 9,723* 

9,697 9.571 9,350 

9,041* 

8.652 
8,195 3 8,305 8,726 

9,051* 
9,267 

9,366* 9,345* 

9,205 
8.949 8,590 8,138 7.611 7,027 4 

8,202 8,622 8,918 9.077 9,092 

8,960* 8,690* 
8,293* 

7,787* 

7,195 

6.542 

5,853 
5 8,129 8,547 8,810 8,901 8,818 

8.563* 

8,151 7,608 
6.960 6,243 

5,489 4,732 6 
8,081 

8,050 
8,495 8,718 8,734 8,542 

8,156 
7,602 6,917 

6,144 
5,328 

4,510 

3,727 

7 8.459 8,639 
8,574 8,270 7,752 

7,062 6,253 
5.380 

4,499 

3,656 2,887 
8 8,031 8,435 

8.570 
8,425 

8,012 7,371 6,561 5,650 4.706 3,793 2,957 
2,231 9 

8,020 8,419 8,513 8,292 7,780 7,031 6,121 5,134 
4,147 3,227 

2,419 

1,746 

10 8,013 8,408 8,466 8,179 7,583 6,746 5,759 
4,717 

3.707 2,796 
2.024 

1,405 11 8,009 8,402 8,430 8,091 7,427 
6,521 5,477 

4,399 

3,380 
2,484 1,746 

1,174 

12 
8,006 

6,576 

8,398 8,405 8,026 

7,312* 

6,356 
5,271 

FIRE-TROL 

4,171 

LOO 
3,149 

2,268 
1,559 

9,180 

1,022 

0 
6,952 7,325 7,688 

8,037 8,367 8,669 
8,933 9,145 

9,274* 

8,982 
1 6,982 7,307 7,619 7,912 8,179 8,412 8.595 

8,698 8,598 

8,415* 

8,183 

7,917 
2 7,175 7,459 7,721 

7,954* 
8,145* 

8,275 
8.240 

8,085* 

7.878 

7,635 

7,364 
7,073 3 7,256 

7,514* 

7,739 7,917 

8,017* 

7.919 
7.741 7,517 7.259 

6,977 
6,678 

6,366 

4 7,285 

7.532* 
7,727 7,834 

7.722* 

7.525 
7,277 

6,993 
6,686 

6,361 
6,025 

5,684 5 
7,292 

7,543* 
7,706 

7.626 
7,407 7,122 6,796 

6,441 6,068 
5,685 5,301 

4,919 6 7,291 7,559 

7,612* 

7,381 7,048 6,655 6,225 
5,776 5,320 

4,867 

4,424 3,998 
7 7,286 

7,2/8 

7,579 7,455 7,078 6,600 6.068 
5,511 

4.952 

4,006* 

4,407 

3.396 
3,886 
2,843 

3,399 

2,354 

2,949 8 7,585 7,254 6,698 6,045 5,353 4,665 

1,927 
9 7,268 7,536 7,017 6,265 5,429 4,590 3,799 3,085 

2.461 1,932 
1,493 

1,138 10 7,256 

7,246 
7,477 
7,429 

6,784 
6,603 

5,851 

5.542 
4,864 
4,458 3,922 

3,461 
3.080 
2.606 

2,360 

1,770* 

1,300 937 
647 

663 

11 
1,908 1,361 

949 431 

12 7,239 7.400 6,499 5,367 

4,234* 

3,215 2,361 1,682 1.166 

788 

519 

335 

—   Asterisk  (*)  denotes  actual  data  points. 

TA.BLE    17.— PREDICTIONS    OF  THE   AREA   COVERED    (IN   SQUARE    FEET)    BY    2    GAL./lOO    FT.^    FOR   FIRE-TROL    931   AND   WATER- 

1/ 

Wlndspeed  :       
(m.p.h.)   :         50 

75 100 
125 150 175 

Drop   height    (feet) 
200 225 250 

275 

300 

325 

FIRE-TROL    931 

0 

1 
2 

3 
4 

5 
6 

7 

8 

9 

10 

11 

12 

5,233 

5,753 

5,876 
5,857 

5,792 
5,720 

5,654 
5,600 
5,559 
5,530 

5,510 
5,498 

5,491 

5,926 

-^6,633* 

7,338 8,024 8,672 9,264 6,482 

7,182* 

7,825 

8,384* 8,832* 

9,149 

6,619* 

7,273 

7,798* 
8,157* 

8,325 8,289 
6,599 7,180 7,542 7,650 7,491 7,083 

6,528* 
7,017 7,195 

7,038 6.567 
5,844 6,446 6.846 6,850 

6,458* 
5.737* 

4,802 
6,375 6,700 6,562 5,991 5,098 

4,044 6,320 

6,281 
6,255 
6.2  39 

6.2  29 

6.223 

6,591 

6,519 

6,474 

6,448 

6,434 
6,426 

6,353 

6.216 
6,132 

6,084 
6,058 
6,045 

5,659 

5,444 
5,315 

5,241 

5,201 

5,181 

4,659 

4,381 

4,215 

4,121 

4,071 
4,045 

3,545 

3,2  38 
3,059 
2,959 

2,905 

2,877 

9,781 
10,208 10,530 10,736 

10.820 

9,320 
9,336 

9,196 
8,907 8,483 

8,053 
7,633 7,058 

6,368 
5,605 

6,466 5,699 4,850 

3.986* 

3,162 
4,961 4,017 

3,103* 

2.286 1,607 

3,787 2,814 

1,971* 

1.300 

808* 

2,990 

2,060* 

1,323 

792* 

442 

2,493 1,620 

973 

540 277 199 

032 

9  39 

890 
864 

1,372 
1,235 

1.160 

1.121 
1,101 

786 

687 

634 

606 

592 

414 

349 

316 

299 

290 

200 
163 

144 

134 

129 

10,' 

7,' 

1,1 

0 

1 
2 

3 

4 

5 

6 

7 
8 

9 

10 
11 

12 

8,424 8,639 

8.571* 

8,273 7,825 7.270 
6.643 

5,976 5,296 7,721 7,900 7.782 7,455 6,988 6.423 
5,798 

5,146* 

4,492 7,172 

7,323* 
7,164 6,809 6,319 

5.741* 
5,114* 

4,470 3,838 6,754 6,878 6,686 6,301 

5,786* 
5.190* 

4,555 
3,916 3,300 6,441 

6,546* 6,322* 
5,904 5,359 4,741 

4,093* 

3,454 2,852 
6,214 6,303 6,048 5,594 5,014 

4,367* 

3.704 3,063 2,472 6,053 6,130 

5,843* 
5,349 4,729 

4,051* 

3,368 2,724 
2,144 

5,943 6,012 5,691 5,152 4,488 
3,774 

3,072 
2.424 1,856 5,870 5,934 5,577 4,989 

4,277 3,528 2,806 2,156 1,603 
5,822 5,885 5,489 4,850 4,089 

3,303 
2,563 

1,915 1,379 5,792 5,855 5,420 4,728 3,918 3,097 2,343 1,699 

1,184 5,771 5,838 
5,364 4,619 

3.761 2,909 2,144 1,510 1,018 5,758 5,827 5,317 4,523 
3,621 2.742 

1,972 1,349 
881 

4,628* 
3,861 
3,2  39 2,729 

2.306 

1.949 
1.644 

1.381 

1,154 
959 

794 658 

549 

3,988 

3,269 2.688 

2.216* 

1.827 

1,502* 

1,2  30 
1,000 806 

645 

513 

408 

328 

3,391 

2,727 
2,195 

1,76  7 
1,419 
1,133 898 

704 

546* 

419 

319 
243 

198 

2, 

2, 

1, 

1, 

1. 

1/ 

2/ 
Values  within  outlines  are  those  upon  which  most  confidence  should  be  placed. 

Asterisk  (*)  denotes  actual  data  points. 
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TABLE    18.— PREDICTIONS    OF  THE  TOTAL   RETARDANT    (IN   GALLONS)    REACHING   THE   GROUNU    FOR  FHOS-CHEK   XA   AND    FIRE-TROL    lOaV 

WIndspeed  • 
50 :  75 

Drop 

helRht (feet) 

(m.p.h.)  : :   100 :  125 :   150 :   175 200 225 250 :   275 :   300 :  325 :  350 

579 

PHOS-CHEK  XA 56  5 

0 579 

2/579* 

578 
578 

578 577 
576 

574* 

572 
5'9 

560 
1 

572 
572 572 

572 571 569 567 

562 

558 

551 

541 

52; 

510 
2 

566 
566 

565* 

565 

563* 
561* 

557 552 

543 

531* 

515 494 

466 
3 559 559 

559* 

558 

556* 

553* 

548 541 529 

514 

493 

465 

'•2  8 

4 553 553 
552 551 

549 

545* 
539* 

530* 517* 

498 473 4  39 

396 
5 

5A6 546 
545 

544 

542* 
538* 

531 

521* 

505 484 

455 

417 

)6  7 
6 540 

533 
539 539 

538 
535 530 523 

512 

495 

472 440 

398 
)81 

343 

7 533 
532 531 528 

523 515 503 

485 460 426 

322 
8 527 

526 526 

524 
521 

516 508 

495 476 
4  50 

414 366 304 
9 520 520 519 

518 
515 509 500 

487 467 

440 40  3 

i5) 

289 

10 
514 

513 513 

511 508 
502 

493 479 459 

431 39! 

342 

275 
11 

507 507 506 504 
501 496 486 

472 452 

4  2  i 

384 

132 264 
12 500 500 

500 
598 

495* 

489 478 465 
444 

415 

375 322 254 

528 

FIRE-TRO 

,  100 

512 507 

0 528 528 
527 527 

525 
524 522 519 

516* 

501 
1 

521 521 521 
520 519 518 515 513 509 

504* 

498 491 

483 
2 511 511 510 

509* 
508* 

506 503 

499* 

495 

489 

481 472 

4bl 

3 500 

500* 

499 
498 

497* 

494 
491 486 

480 473 

464 

453 

440 
A 491 

491* 

490 489 

487* 

484 
480 

475 

468 

459 448 435 

420 
5 484 

484* 

483 
482 

479 476 
471 

465 
457 447 

435 4  20 

402 

6 479 
479 

478* 

476 
474 

470 4b5 
458 

449 438 

424 407 

387 
7 476 

473 
475 
473 474 472 

472 
470 

470 
467 

466 
462 

460 
452 

448* 

443 

438 
430 425 

415 

409 
19  7 
!89 

375 
8 

456 

j66 
9 472 

471 
470 

468 
465 

460 
454 

445 
434 421 403 38  3 

158 

10 471 

470 

470 

470 

469 
469 467 

466 464 
463 

459 
458 452 

451 

443 

432* 

417 399 

396 

378 
)74 

352 
11 442 430 

415 
14  7 

12 470 470 468 466 

463* 

457 450 441 

429 413 

394 371 

344 2/ Values    within   outlines    are    those    upon   which    most    confidence    should    be    placed. 

Asterisk    (*)    denotes    actual    data    points. 

TABLE    19. --PREDICTIONS    OF  THE   TOTAL   RETARDANT    (IN    GALLONS)    REACHING   THE  GROUND    FOR    FIRE-TROL   931    AND  WATER- 

1/ 

WIndspeed Drop  height  (f 

eet) 

(m.p.h.) 50 
:  75 :  100 :  125 :  150 :  175 

200 

225 
:  250 

275 :  300 
325 

:  350 

550 

FIRE-TF 

iOL  931 

550 

550 

549 

548 

546 542 0 550 

2/550* 

550 
550 550 

536 
1 523 

499 
523 

499* 
523* 

499 
523 

499* 523* 

498* 522* 

497 

522 496 

521 

519 515 

510 502 

490 
2 

49  3 489 

483 

475 463 448 

3 477 
477 

477 477 

476 

474 471 467 

461 453 

442* 

427 409 
4 459 

459* 

458 457 
455 

452 448 

442 

434 

424* 

411 

394 374 
5 442 442 

441 439 

436* 
432* 

427 

419 410 

397* 

383 

364* 

34  3 

6 428 

416 
428 426 424 420 

415 
408 399 

381 

388* 

369 
374 
353 

357* 

335 

338 

314 

115 

7 
415 

413 
410 406 

399 

391  L 

290 
8 406 

405 
402 399 

394 
386 

377 366 352 335 316 

293 

267 
9 398 396 

393 
389 383 

376 366 

353 

338 

320 299 

275 

248 
10 

391 
389 

386 
382 375 

36  7 356 

343 

326 307 

285 

260 

231 

11 385 
383 380 

375 
368 

359 348 
3  34 317 

297 

273 

246 21b 
12 

381 379 376 3  70 363 

354 342 
327 

309 

288 263 235 

203 

484 

WATER 

0 
483 

481* 

479 
475 469 

462 

452 441 

427* 

412 

394 

174 
1 474 

473 472 469 465 459 
452 

442* 

431 417 401 381 

ihl 2 465 

464* 

462 

459 
455 

449* 441* 

431 

419 405 

388 

3b9 

149 

3 456 455 
453 

449 

444* 
438* 

429 

418 405 

389 371 

351 

)24 
4 446 

445* 443* 

439 

433 
425 

415* 

402 

387 

369 

348 32  5 

301 
5 438 436 433 

428 
421 

411* 

398 382 

363 
341 

317* 

29U 2b  2 

6 429 427 
423 

416 
406 

393* 

376 

356 

332 

304 

27  5 

24  1 

21  1 

7 420 
412 
403 

417 

407 
397 

412 
402 

389 371 348 313 
271 

321 

290 

257 

221 

161 

186 

12  5* 

151 
8 395 

386 

386 

368 36  7 

342 

343 
309 

278 

228 

239 

184 

200 
142 

42 

9 104 

7  2 

47 

10 
395 387 371 

347 

314 

273 

227 
179 

133 

93 60 16 

20 

11 
387 376 357 

327 
287 

239 
188 138 

93 

58 il 

17 

8 
12 379 

366 

343 
309 

263 
211 157 

107 

67 37 

19 8 3 

Values  within  outlines  are  those  upon  which  most  confidence  should  be  plateii. 

Asterisk  (*)  denotes  actual  data  points. 
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TABLE  20.— AREAS  (IN  SQUARE  FEET)  OF  VARIOUS  CONCENTRATIONS  AS  A  FUNCTION  OF  UINDSPEED  AND  HEIGHT  FOR  PHOS-CHEK  XA 

Wlndspeed Drop  he 
Ight    (feet) 

(m.p.h.) :        50 :        75 :      100 :      125 150 175        : 200 

225 

250 

275 

300 325 350 

0.2   GAL 
./lOO   FT 

2 

0 27,341 29,926 32,322 34,451 36,316 37,889 39,169 40,168 40,907 41,418 41,728 41,911 

41,9 

3 27,212 29,814 32,218 34,376 36,258 37,846 39,139 40,148 40,895 41,411 41,735 41,910 

41,9 

6 27,138 29,750 32,164 34,333 
36,224 

37,821 39,122 40,137 

40,888 41,408 
41,734 

41,909 

41,9 

9 27,135 29,748 32,162 34,331 36,223 37,821 39,121 40,137 40,888 41,408 
41,734 

41,909 

41,9 

12 27,135 29,748 32,162 34,331 36,223 37,821 

0.5   GAL 
39,121 

./lOO    FT 

40,127 40,888 41,408 41,734 
41,909 

41,9 

0 21.741 23,884 25,919 27,793 29,458 30,873 32,007 32,842 33,374 33,619 33,631 
33,417 

32, S 

3 17,936 19,894 21,769 2  3,508 25,061 26,386 27,451 28,234 28,731 28,956 
28,961 28,749 

28,2 

6 15,780 17,609 19,371 21,011 22,482 23,740 24,752 25,496 25,967 26,178 26,178 25,969 

25,5 

9 1A,949 16,682 18,351 19,904 
21,296 22,486 23,442 24,144 24,588 

24,784 
24,783 

24,581 

24,1 

12 14,662 16,360 17,994 19,515 20,979 22,042 

1.0   GAL 

22,977 

./lOO   FT 

23,664 
2 

24,097 24,288 24,285 24,087 

23,6 

0 13,674 14,860 16,002 17,076 18,057 18,922 19,650 20,222 20,624 20,847 20,886 20,740 

20, « 

3 13,425 14,736 15,930 16,960 17,783 18,365 18,681 18,721 18,483 17,975 17,218 16,243 

15, C 

6 12,049 13,634 15,050 16,207 17,029 17,460 17,472 
17,066 

16,265 15,125 13,722 12,144 

10, < 

9 12,065 13,573 14,891 15,834 16,631 16,934 16,826 16,312 15,425 14,227 
12,798 

11,227 
9,6 

12 12,004 13,488 14,780 15,798 16,471 16,753 

1.5   GAL 

16,630 

./lOO   FT 

16,10* 

2 
15,217 14,022 12,603 11,048 

9,« 

0 10,226 10,895 11,531 12,122 12,659 13,133 13,534 13,854 14,089 14,233 14,283 
14,239 

14,] 

3 11,131 11,813 12,372 12,786 13,039 13,123 13,033 12,773 12,353 
11,790 

11,104 
10,320 

9,4 

6 10,475 11,512 12,215 12,514 12,378 11,822 10,901 
9,705 8,342 6,923 5,547 

4,291 

3,2 
9 10,674 11,602 12,149 12,255 11,910 11,150 10,056 

8,738 
7,313 

5,897 4,581 
3,428 

2,^ 12 10,684 11,584 12,101 12,179 11,809 11,032 
9,929 8,610 7,193 5,789 4,489 

3,354 

2,^ 

2.0  GAL./ 100  FT. 

0 
3 
6 
9 

12 

0 
3 
6 
9 

12 

0 
3 
6 
9 

12 

0 
3 
6 
9 

12 

0 
3 
6 
9 

12 

8,703 9,171 9,601 9,983 10,312 10,581 10,784 10,918 10,980 10,970 10,886 10,731 

8,694 9,085 9,386 9,587 9,682 
9,667 8,544 9,315 8,988 8,576 

8,089 
7,544 8,145 8,719 8,998 8,950 

8,582 
7,933 

7,068 6,071 5,026 4,011 3,086 2,288 8,253 8,677 8,697 8,310 7,569 6,573 
5,442 

4,295 
3,231 2,318 

1,585 1,033 
8,299 8,639 8,573 8,108 7,310 6,282 

2.5   GAL 
5,146 

/lOO   FT 

4,018 
2 

2,990 
2,121 

1,434 

925 

8,577 8,762 8,872 8,903 8,856 8,731 8,531 8,263 7,932 
7,546 7,116 6,651 7,149 7,322 7,406 7,400 7,302 

7,117 

6,851 6,513 
6,116 5,673 5,197 4,702 6,215 6,484 6,571 6,471 6,190 

5,753 5,194 4,556 3,883 3,215 2,586 
2,021 

5,815 6,133 6,138 5,828 5,250 
4,488 3,639 2,800 2,044 1,416 931 580 5,837 6,047 5,896 5,411 

4,673 
3,799 
3.0  GAL 

2,907 

/lOO    FT. 

2,093 
2 1,419 

905 543 307 

7,170 7,166 7,037 6,791 
6,440 6,001 

5,494 
4,943 

4,371 3,797 3,241 
2,719 5,728 5,724 5,602 5,369 5,040 

4,633 
4,171 3,678 

3,176 
2,685 2,224 1,804 

4,864 4,859 4,693 
4,382 3,957 3,455 2,917 2,382 1,879 

1,434 
1,058 

755 

4,425 4,417 4,171 
3,728 3,153 2,524 1,912 1,370 

929 

596 362 

208 

4,265 4,254 3,945 3,401 2,727 2,032 

3.5   GAL 
1,408 

/lOO   FT 

907 2 544 

303 157 75 

5,539 5,524 5,361 5,062 4,650 4,156 

3,614 

3,058 2,517 
2,016 1,571 1,191 4,386 4,372 4,220 3,944 3,568 3,126 2,651 2,177 

1,731 1,332 

993 

716 

3,726 3,709 3,510 3,158 2,702 
2,198 

1,701 1,251 
875 

582 368 

221 

3,411 3,386 3,105 
2,631 2,059 1,490 

995 

615 

351 

185 90 

40 

3,305 3,274 2,930 2,369 1,731 1,143 

4.0   GAL 

682 

/lOO   FT 

367 

_2 

179 79 31 

11 
3,904 3,890 3,738 3,463 

3,095 2,667 2,217 1,777 1,373 1,023 
736 

510 3,394 3,377 3,202 2,893 2,490 
2,042 1,595 1,187 

842 569 

366 

225 

3,142 3,113 2,808 2,306 1,724 1,174 

728 

411 211 99 42 16 

3,041 2,998 2,560 1,893 1,213 

673 
323 135 

49 

15 4 1 

3,017 2,969 2,491 1,783 1,087 556 
251 95 

31 

8 2 0 

52 



TABLE  21.— AREAS    (IN    SQUARE    FEET)    OF   VARIOUS    CONCENTRATIONS   AS   A    FUNCTION  OF  WINDSPEED  AND  HEIGHT    FOR   FIRE-TROL    100 

Drop   height    (feet) 

50        :         75      :        100      :        125        :      150      :        175        :      200      :        225        :      250      :        275        :      300        :      325        :      350 

0.2   CAL./lOO    FT.' 

0 25,957 28,597 31 

,280 

33,979 36,665 39,305 41,867 44 317 46,622 48 

747 

50 

663 

52 340 53 

751 

3 25,941 28,582 
31 

266 33,967 36,654 
39,297 41,861 

44 

,313 

46.620 

48 

748 50 

665 

52 342 53 7  54 

6 25,924 28,566 31 252 
33,945 36,644 39,288 42,855 

44 

310 
46,618 

48 

748 50 

66  7 

52 345 5  3 

757 

9 25,907 28,550 
31 

237 
33,942 36,633 39,280 41,849 44 306 46,617 48 748 50 

668 

52 348 53 

761 

12 25,980 28,534 
31 

223 
33,929 36,623 

39,272 
41,843 44 

302 
46,615 

48 

748 

50 

6  70 

52 

351 53 764 

0.5   GAL./ 100   FT 
2 

0 16,678 18,607 20 557 22,491 24,369 26,146 
27,781 

29 
233 

30,462 

31 

435 

32 

125 

12 

513 

32 

586 
3 16,019 17,991 19 995 21,990 23,936 25.773 27,466 

28 

965 30,228 31 218 31 903 32 264 

32 

290 

6 15,838 17,818 19 831 21,836 23,785 25,632 27,327 
28 82  2 

30.075 31 046 31 707 

32 

035 

32 

021 

9 15,824 17,799 19 804 21,798 23,735 25,567 
27,243 28 

718 

29,947 
30 89  3 31 

526 

31 

827 

31 

786 

12 15,833 17,798 19 792 21,772 23,693 25,507 27,164 

28 

617 29,826 

30 

752 

31 

365 

31 

648 

31 

590 

1 .0   GAL./lOO    FT. 

0 12 147 13,333 14 
475 

15 
544 

16 
511 

17 
346 

18 026 15,828 18,837 

18 

943 18 842 18 

537 

18,040 

3 11 543 13,037 14 
432 

15 
657 16 

648 
17 

350 
17 

722 

17,741 17,406 
16 738 15 7  76 

14 

572 13,193 

6 12 
302 13,649 14 841 

15 
817 

16 
521 

16 
914 

16 971 16,690 16,086 15 

197 

14 

070 12 

768 

11,356 
9 12 337 13,602 

14 

701 15 576 16 179 16 
475 

16 
445 

16,093 
15,438 

14 519 13 385 12 

098 

10,719 

12 12 218 13,453 
14 522 

15 

368 

15 

944 16 
217 

16 170 15,808 15,150 
14 

235 

13 112 11 841 
10,48) 

1  .5   r.AL./lOO    FT." 

0 9,133 9,807 10,453 11,059 11,615 12,108 12,530 12,871 13,124 
13,284 13,347 13,312 

13,179 
3 8,095 8,225 10,208 10,969 

11,446 11,598 11,412 10,904 
10,117 

9,115 
7,975 

6,7  76 

5,590 

6 9,439 10,226 10,724 10,884 10,69  3 10,167 

9,357 
8,335 

7,186 5,996 4,843 
3.483 

2,865 9 9,757 10,346 10,625 10,567 10,178 
9,494 8,577 

7,504 6,359 5,218 

4,147 3.192 2,380 
12 9,808 10,348 10,576 10,470 10,040 

9,327 3,392 7,315 
6,176 5,051 

4,002 3,071 2,283 

2.0   GAL./lOO    FT.' 
0 7,161 7.56  7 7,948 8,299 8,613 8,887 

9,116 9,295 9,422 
9,494 9,510 

9,471 9,376 3 7,037 7,426 7,723 7,915 7,995 7,958 7,806 7,546 7,189 
6,749 6,245 

5,694 5,117 

6 7,167 7,475 7,563 7,423 7,069 6,530 5.852 5,088 
4,292 3,512 2,788 2,148 

1,605 9 7,273 7,467 7,340 6,908 6,226 5,372 
4,438 

3,510 2,658 1,928 
1,388 

890 

566 

12 7,308 7.453 7,242 6,703 
5,911 4,966 

2.5    GAL 
3,975 

./lOO   FT. 

3,031 2.202 
1,524 

1,004 
631 

377 
0 4,729 5,082 5,413 5,713 

5,976 
6,195 6,363 6,477 6.534 6,5  34 6.471 

6,353 

6,181 
3 3,834 4,620 5,245 5,611 5,655 

5,370 
4,805 4,051 

3,218 
2,408 1,698 1,128 

706 

6 4,951 5.334 5,342 4,973 4,305 
3,464 2,591 1,802 1,165 

700 

391 

20  3 

98 

9 5,204 5,296 5,017 4,425 3,634 2,778 1,Q77 
1,310 

808 

464 248 123 57 

12 5,241 5,251 4,901 4,261 3,451 2,604 1,830 1,198 
731 

415 

220 108 50 

3.0   GA1../100    FT. 

0 3,676 3,984 4,222 4,375 
4,434 4,394 4,258 4,036 

3,741 3,390 
3,005 2,605 2,208 

3 
3,485 3,952 4,111 3,921 3,430 2,752 2,024 1,366 

845 

480 250 119 

52 

6 3,769 3,930 3,7  38 3,244 2,568 
1,854 1,221 734 

402 201 92 

38 

15 

9 3,787 3,807 3,496 2,932 2,247 1,572 1,005 

587 

313 152 68 28 10 

L2 3,772 3,750 3,407 
2.829 

2,146 1,488 

943 

546 

289 

140 62 25 9 

3.5   GAL./lOO    n.'^ 0 2,820 3,028 3,115 3.040 2,823 2,496 
2,100 1,681 

1.282 
930 642 

422 

264 
3 2,850 3,032 2,917 2.536 1,994 

1,417 911 
529 278 

132 

57 

22 8 

6 2,899 2,951 2,709 2,243 1,675 1.128 
685 375 

185 

82 

33 

12 

9 2,880 
2,874 2,589 2,105 1,544 1.023 611 330 160 

70 

28 

10 3 

12 2,849 2,825 2,529 2,043 1,490 
981 583 

313 

152 66 26 9 3 

4.0   GAL./lOO    FT. 

0 2.239 2,372 2.389 2,287 2,082 1,801 1,481 1,158 

861 608 409 261 

158 3 2,261 2,380 2,255 
1,922 1.475 1,018 633 

354 

178 

81 33 12 4 

6 2,312 2,347 2.138 1,74  7 1,281 
843 497 263 125 53 20 7 2 

9 2,320 2,314 2.073 1,667 1,203 

779 
453 237 

HI 

47 

18 

6 2 

12 2,312 2.292 2.040 1,630 1,170 
754 436 227 106 44 

17 

6 

53 



TABLE  22. —AREAS  (IN  SQUARE  FEET)  OF  VARIOUS  CONCENTRATIONS  AS  A  FUNCTION  OF  WINDSPEED  AND  HEIGHT  FOR  FIRE-TROL  931 

Wlndspeed 
(m-p.h.) 50 75 100 125 150 

Drop  height  (feet) 175 
200 

225 250 275 

300 325 

6 
9 

12 

0.2  GAL./lOO  FT. 2 

31,138   33,956   36,785   39,593   43,346   45,007   47,541   49,912 
26,969   29,369   31,758   34,102   36,367   38,516   40,514   42,324 
25,222 
24,833 
24,914 

27,476 

27,052 
27,133 

29,704 
29,2  35 

29,307 

31,870 

31,343 
31,398 

33,936 

33,334 
33,363 

35,864 
35,171 

35,162 

37,617 
36,814 

36,757 

39,160 

38,227 
38,112 

0.5  GAL./lOO  FT. 2 

52,084 

43,914 40,461 

39,381 
39,196 

54,024 
45,255 
41,492 

40,248 
39,983 

55,703 46,322 
42,231 

40,808 
40,455 

57,092 47,093 

42,661 
41,048 
40,600 

22,346    23,595   24,765   25,836   26,792    27,617    28,297   28,821 
3 
6 
9 

12 

19,341 
17,978 
17,590 
17,681 

20,448 
19,003 
18,561 
18,611 

21,471 
19,934 
19,430 
19,428 

22,392 
20,755 

20,177 
20,116 

23,192 
21,448 
20,786 
20,657 

23,858 
21,997 
21,243 
21,039 

24,376 
22,391 
21,538 
21,253 

24,735 

22,622 
21,622 
21,293 

29,179 

24,929 
22,684 
21,615 
21,159 

29,365 24,953 

22,575 21,395 

20,853 

29,376 
24,808 

22,299 
21,010 

20,383 

29,212 
24,495 
21,861 
20,467 

19,761 

1.0  GAL./lOO   FT. 

6 
9 

12 

0 
3 
6 
9 

12 

0 
3 
6 
9 

12 

0 
3 
6 
9 

12 

0 
3 
6 
9 

12 

0 
3 
6 
9 

12 

0 
3 
6 
9 

12 

11,673 12,991 14,262 15,446 16,504 17.397 18,094 18,570 18,808 
18,805 18 

561 

18 079 

11,682 12,811 13,850 14,762 15,511 16.071 16.420 16,547 16,453 16,137 

15 

608 14 885 

11,589 12,572 13,432 14,134 14,651 14.961 15,055 14,935 14,599 14,059 

13 

336 

12 

459 

11,524 12,410 13,145 13,697 14,042 14,167 14,073 13,758 
13,234 

12,523 11 655 

10 

669 

11,512 12,350 13,011 13,463 13.684 13,673 

1.5   GAL 

13,428 

./lOO   FT 

12,954 

2 

12,275 11.421 
10 434 9 359 

5,917 6,388 6,886 7,413 7,971 8,562 9,851 

10,553 11,297 11.297 12 

,086 

12 

,924 

6,487 7,513 8,546 9,531 
10,396 11,038 11,212 10,721 

9,942 9,001 

7 

982 

6 

,947 

7,443 8,615 9,467 9,891 9,862 9,377 8,476 7,273 
5,918 

4,563 3 

,332 

2 

,304 

8,004 8,900 9,355 9,437 9,236 
8,614 7,566 

6,205 4,719 
3,309 

2 

,129 

1 

,250 

8,165 8,931 9,259 9,294 9,105 8,514 
2.0  GAL 

7,475 

./lOO   FT 

6,085 2 

4,539 
3,073 

1 

,871 

1 

.016 6,551 6,9  35 7,317 7,693 8,061 8,417 8,759 9,083 
9,384 9,658 

9 

,899 

10 

.100 

6,482 7,079 7,438 7,593 7,618 7,581 7,400 
7,008 

6,377 5,527 

4 

,529 

3 

.481 

6,333 6,527 6,551 6,537 6,381 5,886 4,914 3,537 2,081 

945 

312 

70 

6,115 6,201 6,206 6,186 
6,017 

5,^475 

4,389 
2,875 1,407 

464 

92 

10 

6,053 6,120 6,123 
6,107 5,958 

5,446 
2.5   GAL 

4,370 

./lOO   FT 

2,822 

_2 

1,316 390 

63 

5 

6,482 6,718 6,899 7,024 7,098 7,129 7,130 7,103 
7,034 

6,913 

6 

,738 

6 

,508 

5,078 5,089 5,090 5,088 5,075 5,030 4,932 4,758 4,487 4,108 
3 

,626 

3 

,060 

4,231 4,233 4,232 4,224 4,182 4,054 
3,777 3,295 2,606 

1,794 

1 

,026 

461 

3,931 3,932 3,932 3,918 3,832 3,560 2,972 2,052 1,048 341 

59 4 

3,851 3,853 3,852 3,832 3,705 3,291 
3.0  G/X 

2,428 

./lOO  FI 

1,273 
2 381 

48 2 0 

4,615 4,622 4,558 
4,362 4,006 3,499 

2,884 2,228 1,602 1,066 652 

365 

3,599 3,599 3,589 3,528 3,350 2,990 
2,428 

1,726 1,028 

489 

176 

45 

2,963 2,963 2,960 2,929 2,812 2,523 
2,001 

1,301 
630 

201 

37 

3 

2,606 2,606 2.604 2,582 2,482 2,208 
1,682 

979 

372 

75 6 0 

2,434 2,434 2,433 2,411 2,308 2,013 

3.5   GAL 
1,446 

./lOO   FT 

732 

1 

210 25 1 0 

3,221 3,211 3,099 
2,827 

2,395 
1,856 1,298 

810 

445 

214 

89 

32 

2,525 2,524 2,499 2,384 2,098 1,611 1,009 

475 

155 

32 

4 0 

2,062 2,062 2,052 1,989 1,786 1,367 791 

295 57 5 0 0 

1,781 1,781 1,775 1,730 
1,564 

1,186 

643 

197 

25 1 0 0 

1,632 1,632 1,628 1,589 1.435 1,072 
4.0  GAL 

548 

./lOO   FT 

144 

_2 

13 

0 0 0 

2,659 2,643 2,531 2,278 1.891 1,427 
965 

577 302 

136 53 17 

1,876 1,875 1.850 1,744 1,498 1,101 
643 273 77 13 1 0 

1,496 1,496 1,486 1,427 1,249 

905 

474 

149 22 1 0 0 

1,338 1,338 1,332 1,287 1,133 808 

387 

95 8 0 0 0 

1,286 1.286 1,281 1,240 1.089 

760 

337 

68 4 0 0 0 

54 



TABLE    23.— AREAS    (IN    SQUARE    FEET)    OF   VARIOUS    CONCENTRATIONS   AS    A    FUNCTION   OF   WINUSPFKD   AND   IIKICHT   FUR   WATKR 

Drop  height  (feet) 

B.p.h.)  :    50  :    73  :   100  :    125  :   150  :   175  :   200  :   225   :    250   :    273  :   300    :   325_ 

0.2  GAL./ 100  FT." 
0  32,057  35,157  37,996  40,<i41  42,344  43,544  43,748  42,842  41,139  38,837  36,1)3 
3  30,769  33,745  36,472  38,819  40,646  41,797  41,995  41,111  39,489  37,298  14,1.82 

6  29,480  32,333  34,947  37,197  38,949  40,025  40,242  39,395  37,840  33,7)9  )j,.'j2 
9  28,192  30,921  33,422  35,573  37,252  38,307  38,488  37,678  36,190  14,181  )1,/81 
12  26,904  29,510  31,898  33,954  35,554  36,562  36,733  35,961  34,341  32,622  )0 ,  )  )  1 

3  3 

105 

.'9 

90  ) 

(1 

1 1'l 

in 

/Ol) 

)l) 

44  3 

:  7 

49  H 

29 

1  13 

.'6 

.'9  3 

11 7  83 

.'3 

094 

0.  5    r,AL./100    FT 2 

0  21,488  23,858  26,040  27,917  29,359  30,220  30,234  29,390 
3  20,221  22,459  24,321  26,294  27,637  28,472  28,484  27,687 

6  18,957  21,063  23,004  24,637  25,936  26,723  26,733  25,984 
9  17,696  19,669  21,487  23,052  24,255  24,975  24,986  24,282 
12  16,438  18,277  19,973  21,433  22,333  23,226  23,237  22.580 

1.0   CAL./lOO    FT.-' 

27 

96  2 

26 

093 

J) 

919 

21 

33  3 

19,1113 

26 

337 

24 

573 

11 

31/ 

20 

282 17.9  71 
24 

713 

23 

032 21 1  17 

14 

0  1  3 

I6,.S41 

23 

090 21 33) 

19 

7  20 

17 

I'M 

13,714 
21 

468 

20 016 

18 

324 

16 

4HK 

1  4  ,  39  1 

0 13,570 14.962 16.148 17.032 17.300 

17 

34  7 
16.672 13.638 

14 

346 
12.890 11.  134 

4.812 

8,32  3 3 12.085 13.378 14.483 15,309 15.747 15 
60  3 

14.972 
14,007 

12 

80  3 

11  .433 
10.0  59 8  .6  24 

/  .268 6 10.622 11.808 12,826 13,588 13.994 

13 

861 13,2/8 12,387 11 282 10.046 
8.7  36 7.4  73 6  .  2  3  3 

9 9.183 10.255 11.178 11.871 12.241 
12 119 11 .388 10.779 9 7  79 

8.663 
7.308 

6.  )6/ 

3  ,  2H8 

2 7.7/1 8.719 9.340 
10,138 10.488 10 379 

9.905 
9.183 

8 

297 7.314 6.298 
3.  )02 

4  ,  j(.H 
1.5    CAL./lOO    FT. 

0 10.623 11.174 11,460 11,332 10,920 10,261 
3 8.859 9.421 9,716 9,604 

9,161 8.494 
6 7.106 7.672 7,972 7,858 7,409 6.742 9 5,375 5,928 6,288 6,114 5,669 5.022 12 

3,681 4,199 4,484 4,  373 

3,934 3.36  3 

9,439  8.311  7,530  6,340  3,381 
7,673  6,766  5,829  4,912  4,030 

3,941  3,079  4,219  3,408  3,680 
4,269  3,491  2,730  2,019  1,356 

2.706  2.067  1,303  1.042  689 

0 8.457 8,566 8,408 8,065 7.585 
3 6.745 6,879 6,684 6,271 5.708 
6 5.015 5.191 4,936 4,413 3,740 9 3.238 3.502 

3,122 
2,419 1,659 

12 
1,241 1.806 1,044 

309 51 

0 6.835 6.801 6.336 6,168 
5,676 3 5.319 5.277 4.974 4,307 
3.941 6 3.799 

3.741 
3.339 2,763 2.134 

9 2,263 2,167 1,372 
921 444 

2 5  38 277 2 0 0 

2.0   CAL./lOO    FT.- 

7.005  6.538  3,677 
5.051  4.353  3.658 
3.018  2.325  1.713 

1.017  361  280 
5  0  0 

2.5    CAL./lOO    FT.' 

5,116  4,522  3,921 
3,333  2,731  2,170 

1,546  1,054  677 
179  61  17 

0  0  0 

3.0   C/U,./100    FT.- 

3.5   GAL.  7100    FT.' 

4.6.M1 ),8hl 

3.2/0 
2,38  7 

2,03) 1,33) 
1  ,091 

7  30 

4  36 

26  4 

4,988 
4,316 

3.678 

3.089 
2.338 

3,000 
2.402 1  .880 

1  .4  38 
1  .076 

1,209 
818 

332 5  32 

200 

126 

52 19 

7 2 

0 0 0 0 0 

3.339 2,793 
2,296 1,836 1  .473 

1,674 1,255 913 

649 

448 
411 236 129 

66 

33 

4 1 0 0 0 

0 0 0 0 0 

0 5.381 5.289 4.941 4.432 3.832 3.200 2.586 2.024 1,326 
1,132 

810 36  3 )80 

3 4.232 4.135 
3.776 

3.268 
2.69  2 2.117 1.394 1.130 

760 330 

3  39 

209 

124 

6 3.083 2.984 2.626 2.142 1.630 1.163 

780 492 293 

163 

88 

43 21 

9 1.953 1.841 1.515 1.110 
732 437 237 118 

53 

22 9 3 1 

12 
789 

742 
516 

300 146 
59 21 6 2 0 0 0 0 

0 
3.972 3,873 3,533 3,055 2,516 1,979 

1,490 
1,076 

745 496 

31  H 

196 

1  17 

3 3.235 3.147 2.786 2,297 
1.774 

1.290 
884 574 332 

205 114 60 

)M 

6 2.538 2,421 2,041 1,557 1.084 

693 
408 223 112 

53 2) 

9 

/^ 

9 1,821 1.659 
1,308 868 501 

234 

114 

43 16 5 1 0 0 

12 
1,104 977 

625 309 120 37 

4.0   GAL 

9 

./lOO    FT.' 

2 0 0 0 0 0 

0 
2,848 2.750 2,422 1,982 1,516 1,088 

733 

469 

283 

161 87 

4  3 

22 

3 2,368 2.260 1,911 1.465 
1,028 

66  3 

393 218 

111 

33 

24 

10 4 

6 
1,887 1,768 1,400 967 

590 
321 

136 

68 

27 

10 ) 1 0 

9 1,405 1,275 
898 

516 

246 

98 

33 10 2 1 0 0 0 

12 924 784 434 
170 

49 

10 2 0 0 0 0 0 0 
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TABLE  24. —COEFFICIENT  OF  MULTIPLE  DETERMINATION  AND  STANDARD  ERROR  OF  THE 

ESTIMATE  AND  LIMITATIONS  FOR  EACH  GENERAL  RETARDANT  MODEL 

Retardant Wind  limi 

tski 

Level  of  coverage 

yx-j 

Phos-Chek  XA 

Fire-Trol  100 

Fire-Trol  931 

Water 

M.p.h. 

0<W<15 

0<W<20 

0<W<20 

0<W<20 

Gal./lOO  ft.^ 
0.2 

1.0 
2.0 

3.0 4.0 

.2 
1.0 
2.0 

3.0 
4.0 

.2 

1.0 
2.0 
3.0 
4.0 

.2 
1.0 
2.0 

3.0 
4.0 

^^0.36 
1/5,175 

.38 
1,708 .06 
1,245 

.59 

946 
.56 

637 
.43 

9,147 
.52 

1,738 .80 

1,241 .68 

1,070 
.69 669 

.39 
6,815 

.48 

1,972 .62 
1,837 

.94 
448 

.94 313 

.33 

7,476 .57 
2,317 .71 
1,185 

.79 703 

.77 434 

1/ 

:s  ( 
2/ 

The  limits  on  coverage  for  all  models  are  from  0.2  to  4.0  gal./lOO  ft.^  and  t 
limits  on  drop  height  are  from  50  to  350  feet. 

r2  is  the  coefficient  of  multiple  determination  and  is  a  measure  of  how  well 
the  regression  fits  the  data 

3/ 

s     is  the  standard  error  of  the  estimate. 
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TABLE  26 . —EQUATIONS  AND  SIGNIFICANCE  FOR  RETARDANT  DROP  TIME 
AND  WATER  LOST  BY  EVAPORATION 

Equation 

Significance 

level!/ Peroent 

RETARDANT  TIME  TO  GROUND  =  /  (DROP  HEIGHT) 

20 

2/0.95 

0.0379H  +  0.0067 
13 

.93 
.0429H  -  .454 

11 .95 
.0461H  -  .698 15 .96 
.045H  -  .546 33 .94 
.039H  -  .124 

NS 24 .94 
.0245H  -  .625 NS 26 .96 
.0456H  -  .613 99 

35 
.93 

.041H  -  .218 

99 
28 

.94 

.044H  -  .537 NS 

Phos-Chek  XA 
Fire-Trol   100 
Fire-Trol  931 
Water 
Phos-Chek  XA  +  Fire-Trol  100 

(pooled) 
Fire-Trol  100  and  931  (pooled) 
Fire-Trol  931  +  water  (pooled) 
Phos-Chek  XA  +  water  (pooled) 
Fire-Trol  100  +  water  (pooled) 

PERCENT  LOST  BY  EVAPORATION  =  /  (RETARDANT  TIME  TO  GROUND) 

Phos-Chek  XA  22 
Fire-Trol  100  15 
Fire-Trol  931  17 
Phos-Chek  XA  +  Fire-Trol  100  37 

(pooled) 
Fire-Trol  100  and  931  (pooled)  32 
Phos-Chek  XA  and  Fire-Trol  931  39 

(pooled) 

.04  2.44  +  .076T 
,05  5.82  +  .09 IT 
.29  .960  +  .846T 
.03  4.32  +  .054T 

.17  2.83  +  .601T 

.18  .391  +  .660T 

99 

NS 

99 

—   The  significance  level  indicates  the  probability  level  at  which  the 
difference  between  retardants  may  be  regarded  as  real,  i.e.,  not  due  to 
chance.   NS  means  no  significant  difference  between  products  existed  for 
that  particular  response  (and  the  pooled  model  should  be  used  for  predictions) 

e.g.,  Phos-Chek  XA  +  Fire-Trol  100  pooled  at  a  significance  level  of  99 
percent  means  that  the  models  for  the  two  retardants  should  be  kept  separate 
and  the  individual  equations  used. 2/ 

r2  is  the  coefficient  of  multiple  determination  and  is  a  measure  of 
how  well  the  regression  fits  the  data. 
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ALGEBRAIC   MODELS   FOR  GENERAL   GROUND   PATTERN   RESPONSES 

FOR   PHOS-CHEK   XA  AND   FIRE-TROL   100 

Phos-Chek   XA 

G=X(1) 

DH=X(2) 
W=X(3) 

REAL    I,IREDG,ISD,IEI,N 

IEI=  .  81-  .  285*EXP  (-  (ABS  (  (G/  3.  2  5- 1 .  )  /  .  3)  **2)  ) 
ISD=.305*EXP(-(ABS(((G+l.)/2.75-l.)/.338)**3))+.0922*EXP(-(ABS(( 

*G/3.-l.)/.16)**2)) 
1   +.0809*EXP(-(ABS((G/4.-l.)/.165)**A)) 
IREDG=.926-.0315*(A.-G)-1.168AE-6*(4.2-G)**9 
i  =  IREDG-ISD*(EXP(-(ABS(((15.-W)/14.8-J . ) / ( 1 . -I  EI ) ) **2) )- 
1  EXP(-(ABS((  l.)/(l.-lEl))**2)))/(]- 
2  EXP(-(ABS((  1.)/(1.-1EI))**2))) 
XN=l.+4.2*EXP(-(ABS(((G+2.)/3.33-l.)/.249  5)**4)) 
XSD= 1 72 . *EXP (- ( ABS ( ( (G+1 .)/2.67-l.)/.3)**4)) 
XREDG=1190.-.7179*(4.2-G)**4.4 
XP=XREDG- (XSD/ 14 . 8**XN) * (15-W) **XN 
N=2.+2.537E-12*(4.-G)**20 

YN=3.07+.584*EXP(-(ABS(((G+l.)/2.75-l.)/.2  7)**3.5))+.9  3*EXP(-(ABS( 
*(G/4.-l.)/.l)**2)) 

YLEDG=16200.-3100.*G+2  56  70.*EXP(-(ABS(((G+4.)/4.2-l.)/. 159)** 1.3)) 
YREDG=3000.+1201.8*(4.-G)**2.195+5.0385E-11*(4.-G)**25 
YP=YREDG+ ( (YLEDG-YREDG) / 14 . 8**YN) * ( 15 . -W) **YN 
SQFTCV=YP* ( (EXP (- (ABS ( ( (1250 . -DH) /XP- 1 . ) / ( 1 • - D ) **N) ) - 
1  EXP(-(ABS((  l.)/(l.-I))**N)))/(I.- 

2  EXP(-(ABS((  l.)/(l.-I))**N))); 
X(1)=SQFTCV 
RETURN 
END 

l.)/.2)**2))-18.*EXP(-(ABS(((G+5.)/5.2- 

01124)/. 98876)+ 

Fire-Trol  100 

REAL   N,I,IRED,1SD 
G=X(1) 

DH=X(2) 
W=X(3) 

R=19.-13.*EXP(-(ABS((G/2 

+l.)/.08)**3)) 

ISD=.35*((EXP(-(ABS((G/2.-l.)/.472)**2)) 
+.045*EXP(-(ABS((G/4.-l.)/.15)**1.5)) 
IRED=.91-5.8613E-04*(5.-G)**3.95-5.0293E-15*(5.-G)**20 
I=IRED-(ISD/(20.**R))*(20.W)**R 
T=  7  .  6-  .  75*G- 6  .  45*EXP  (-  (ABS  (  (  (G+4  . )  /  4  .  2- 1 .  )  /  .  1)  **  3) ) 
XPSD=223. *( (EXP (- (ABS ((G/2.-1.)/. 520) **3))-. 00082)/. 999 18) 

++31.*EXP(-(ABS((G/4.-l.)/.20)**6)) 
XPREG=720.+470.*(EXP(-(ABS((G/4.-l.)/.99)**6))-. 34571) /. 65429 
XP=XPREG- (XPSD/ (20 . **T) ) * (20.-W) **T 

N=l.+7.27*EXP(-(ABS(((G+2.)/4.1-l.)/.247)**2)) 
YPT=2000.+336.33*(5.-G)**2.75+1.52339E-08*(5.-G)**18 
YPB=2000.+247.61*(5.-G)**2.78+1.05124E-06*(5.-G)**15 

YP=YPB+((YPT-YPB)/ (19. 5**N))*(20.-W)**N 
SQFTCV=YP*((EXP(-(ABS(((1250.-DH)/XP-1. )/(!.-!))    **2)) 
1  EXP(-(ABS(( 
2  EXP(-(ABS(( 

X(1)=SQFTCV 
RETURN 
END 

)/(l. 

)/(l. 

•r)) 
■D) 

42 

**2)))/(l.- 

**2)))) 
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•1 . ) / . 19)**3) )+3. 1*EXP (- (ABS ( ( 

-1. ) / . 17) **4) )- . 269*EXP (- (ABS ( ( 

)/.18)**2)) 

ALGEBRAIC  MODELS  FOR  GENERAL  GROUND  PATTERN  RESPONSES 

FOR  FIRE-TROL  931  AND  WATER 

Fire-Trol  951 

FUNCTION    F(G,DH,W) 

REAL  N,NREDG,NSD,NN,I,IREDG,ISD,IN 

IN=1.+13. 71*EXP (-(ABS ( ( (G+1. ) /2. 875- 
*(G+4.)/4.2-l.)/.l)**3)) 
ISD= . 279- . 189*EXP (- (ABS ( ( (G+4. ) /4 . 7- 
*G/4.-I.)/.368)**6)) 

IREDG= . 87+. 005*G- . 291*EXP (- (ABS ( ( (4. 2-G) /4 . -1 , 
I=IREDG-(ISD/(19.**IN))*(20.-W)**IN 

XN=10.3-8.5*EXP(-(ABS(((G+4.)/4.7-l.)/.17)**3)) 
XSD=1 70 . *EXP (- (ABS ( ( (G+1 . ) / 2 . 7- 1 . ) / . 3) **4) )+80 . *EXP (- (ABS ( ( (G+4 . ) / 

*4.2-l.)/.15)**4)) 

XREDG=1195.-6.9649*(4.2-G)**2.2-1.0732E-10*(4.2-G)**20 
XP=XREDG- (XSD/ (19 . **XN) ) * (20 . -W) **XN 
YN=6 . 35- 3 . 05*EXP (- (ABS ( ( (G+4 . ) /4 . 9-1 . ) / . 1) **2) ) 

—  3.  05*EXP  (-  (ABS  (  (G/3.  35-1 .  )  /  .  2)  **3) ) 
YSD=986.+676.05*(4.2-G)**1.4+7.1996E-12*(4.2-G)**25 
YREDG=1250.+697.22*(4.2-G)**2.45+1.61C5E-ll*(4.2-G)**25 
YP=YREDG+(YSD/(19.**YN))*(20.-W)**YN 
NN=l.+2.76*EXP(-(ABS((G/4.-l.)/.67)**15)) 
NSD=2.*EXP(-(ABS((G/4.-l.)/.67)**15)) 
NREDG=2.+3.*EXP(-(ABS((G/4.-l.)/.58)**6)) 

N=NREDG-(NSD/(19.**NN))*(20.-W)**NN 
SQFTCV=YP* ( (EXP (- (ABS ( ( v 1250 . -DH ) /XP-1 . ) / (1 . 
1  EXP(-(ABS((  l.)/(l. 
2  EXP(-(ABS((  l.)/(l. 
F=SQFTCV*1. 007969 
END 

,-I))**N))- 
.-I))**N)))/(1.- .-I))**N)))) 

Water 

REAL  I 

8=. 01647* ( (EXP (- (ABS ((G/ 2. 25-1.)/. 36) **2))-. 00045)/. 99955)+ 
1    .00476*EXP(-(ABS((G/4.-l.)/.196)**6)) 
I=. 793+. 031*G-. 0001024* (5. -G)**4 

++B*(W-3.93) 

XP=1058. +137. *( (EXP (- (ABS ((G/5.-1.)/. 77) **8))-. 00031)/. 99969) 
YP=(.6+1.6*(5.-G)+.00018589*(5.-G)**7.7)*1000. 
WE=  500  .+1 500 .  *EXP  (-  (ABS  ( (  (5 .  -G)  / 5 .  -  L  . )  /  .  65)  **6) ) 
YPW=YP+(WE/3.46*(3.93-W)) 

SQFTCV=YPW* ( ( (EXP (- (ABS ( ( ( 1250 . -DH) /XP- l.)/(l.-I))**1.8))- 
1  EXP(-(ABS((  l.)/(l.-I))**l,8)))/(l, 
2  EXP(-(ABS((  l.)/(l.-I))**1.8))))) 
F=SQFTCV*1. 012951 
END 

■Cl    GPO   782  -  942 
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Abstract 

Reports  results  of  studies  made  of  timber  harvesting  operations 
in  western  South  Dakota,  Wyoming,  Utah,  and  Colorado  to  estimate 
volumes  of  logging  residues.  Shown  are:  factors  that  can  be  applied 

to  product  volumes  to  estimate  total  removals  from  inventory;  resi- 
due volumes  as  percentages  of  saw  log  volumes;  estimates  of  cubic- 

foot  and  board-foot  volumes  of  logging  residues  for  1969;  estimates 

of  cubic-foot  volumes  of  residues  to  a  4-inch  top  in  pieces  6  feet  and 
longer;  the  relative  importance  of  felling  and  skidding  as  causes  of 

residues;  and  the  numbers  of  trees  removed  from  growing  stock  in- 
ventories by  harvesting.  Survey  methods  and  reliability  of  data  are 

discussed. 



Introduction 

The  reduction  in  inventory  resulting  from  a  timber  harvesting  operation  is  of 

/■ital  concern  to  land  managers.   Product  removal  figures  are  relatively  easy  to  obtain 
or  a  particular  operation,  but  such  figures  do  not  adequately  represent  the  total  re- 
novals;  therefore,  the  residual  stand  may  be  overestimated.   Tlie  unused  volume  of  timber 
ut  or  killed  during  timber  harvesting  operations  and  left  in  the  woods  represents  an 

idditional  reduction  in  the  inventory  of  volume  available  for  future  planning,  manage- 
nent,  and  harvesting.   It  is  a  factor  to  be  considered  in  reconciling  differences  in 
:he  estimates  of  volume  of  standing  timber  between  successive  inventories.   Also, 
imberland  managers  are  interested  in  estimates  of  residue  material  that  could  be 

■-hipped  if  there  were  a  market,  or  would  have  to  be  dealt  with  in  protecting  and 
lanaging  the  forest. 

Logging  residues  studies  are  conducted  by  the  Forest  Survey  research  work  unit  of 
:he  Intermountain  Forest  and  Range  Experiment  Station  for  the  purpose  of  estimating 
let  inventory  loss  from  timber  harvesting  operations.  Since  1965,  logging  residues 
tudies  have  been  conducted  in  seven  Rocky  Mountain  States  and  in  South  Dakota  west 
)f  the  103d  meridian.  (The  103d  meridian  is  used  in  South  Dakota  as  a  demarcation 

.ine  between  the  western  forests  and  the  relatively  insignificant  eastern  forests.) 

The  purpose  of  this  paper  is  to  show  the  results  of  residues  studies  conducted  in 
)Outh  Dakota  west  of  the  103d  meridian,  Wyoming,  Utah,  and  Colorado  in  1969.   Presented 
ire  (a)  factors  to  apply  to  net  product  volume  to  estimate  total  net  removals  from 
nventory  (b)  net  volumes  of  logging  residues  from  saw  log  operations  as  percentages 

)f  net  product  volume;  (c)  estimates  of  cubic-foot  and  board-foot  volumes  of  logging 

'esidues  for  1969  (fig.  1);  (d)  estimates  of  cubic-foot  volumes  of  residues  to  a 
l-inch  top  in  pieces  6  feet  and  longer;  and  (e)  estimates  of  numbers  of  growing  stock 
rees  removed  from  inventory  during  saw  log  operations  per  thousand  cubic  feet  (MCF) 
)f  net  product  volume,  by  diameter  at  breast  height  (d.b.h.)  classes. 



Fiquve  l.-Logqing  residues  resulting  from  breakage  in  fell%ng  a  sa
wUmher  tree.      In 

this  ex<mvlethe  entire  portion  of  the  tree  above  the  sh
own  out,   conta^n^ng  both 

board- foot  and  cubic- foot  volumes,   was   left  ̂ n  the  woods. 



Factors  for  Determining 
Residual  Inventory 

2i 

Product  removal  figures  are  relatively  easy  to  obtain  for  a  particular  harvesting 
operation,  but  such  figures  do  not  adequately  represent  the  total  removals  and,  there- 

fore, initial  inventory  less  products  removed  does  not  equal  the  residual  stand.   An 
adequate  calculation  of  the  remaining  inventory  after  logging  can  be  done  only  by 
subtracting  total  removals  (including  product  volume  plus  residues  from  felling  and 
skidding)  from  the  prelogging  inventory. 

It  is  important  that  removal  volume  consists  only  of  volume  included  in  the 

inventory  and  not  amounts  overutilized  according  to  Forest  Survey  standards.   Over- 
utilized  material  can  come  from  (a)  harvesting  saw  logs  from  growing  stock  trees  of 
less  than  sawtimber  size  (from  trees  less  than  9  inches  d.b.h.);  (b)  utilizing  wood 
below  the  Survey  standard  1-foot  stump;  (c)  wood  from  treetops  above  top  diameters 
specified  in  the  timber  inventory;  or  (d)  nongrowing  stock  trees  by  Survey  standards. 

In  computing  removal  factors  (table  1)  for  applying  to  product  output  estimates 
in  order  to  arrive  at  total  removals,  net  overutilized  material  (by  Forest  Survey 
standards)  has  been  excluded  from  the  total  net  removal  volume  measured.   However,  in 
developing  these  factors,  the  net  overutilized  volume  must  be  included  in  the  net 
product  volume  because  it  is  part  of  the  reported  product  output  volume  to  which 
r     ̂   .,,,      i-j-m-jT  1    i:     ̂   removal  volume    .,,,  . 
factors  will  be  applied.   Therefore,  removal  factor  =    ;   z    .   Ihis  is  equiv- 

product  volume 
I  ̂       net  product  volume  (excluding  overutilizat ion)  +  net  residue  volume 

net  product  volume  (including  overutilization) 

jl  In  the  four  States,  the  net  volume  in  cubic  feet  of  timber  removed  from  growing 
stock  inventory  in  harvesting  operations  is  more  than  the  cubic-foot  volume  of  saw- 
logs  harvested.   In  other  words,  the  ratio  of  cubic  feet  of  inventory  removed 
(including  residues)  to  cubic  volume  of  saw  logs  harvested  is  greater  than  one.   On 
the  other  hand,  factors  based  on  board-foot^  volumes  to  estimate  removals  from  saw- 

ij timber  inventory  are  somewhat  less  than  those  for  cubic  feet  used  for  growing  stock 
estimates  because  considerable  wood  measured  as  net  cubic-feet  residue  is  not  included 

1 

^Board-foot  volumes  used  in  this  paper  are  based  on  the  International  1/4-inch 
log  rule. 



Table  I .--Removal  factors  by  Forest  Survey  standards  to  estimate  total  net  removals 
from  inventory,   western  South  Dakota,    Wyoming,    Utah,   and  Colorado 

Unit  of  measurement 
and 

minimum  top  diameter 

South  Dakota Wyoming Utah Colorado 

Cubic  foot 
4  inches 1.038 1.070 1.068 1.100 

Board  foot 
variable ,99  7 ,933 .974 1.035 

Board  foot 
7  inches .984 .929 

,973 1.035 

■^  For  example:   1.038  x  7,352  MCF  of  saw  logs  harvested  in  western  South  Dakota 
in  1969  =  7,631  MCF  total  net  removals  by  Forest  Survey  standards. 

in  the  net  board-foot  scale.   This  wood  is  (a)  in  the  upper  stem  portion  beyond  the 
minimum  top  diameter  for  board- foot  measure;  (b)  in  destroyed  growing  stock  trees  of 
less  than  sawtimber  size;  and  (c)  in  portions  of  trees  suitable  for  production  of 
fiber  but  is  cull  for  saw  logs  because  of  crook. 

Board-foot  measurements  to  the  minimum  variable  top  used  by  Forest  Survey  do  not 
result  in  factors  much  different  from  those  resulting  from  the  minimum  fixed  top  of 
7  inches. 

Logging  Residues  as  a  Percent  of  Product  Volume 

The  net  volume  of  logging  residues  represents  underutilization.   By  Forest 

Survey's  cubic-foot  standards,  residues  include  all  unused  net  volume  between  a  1-foot 
stump  and  a  4-inch  minimum  top  diameter  inside  bark  Cd.i.b.).   By  board-foot  standards 
net  residues  volume  includes  unused  wood  in  sawtimber  trees  between  a  1-foot  stump  to 
either  variable  or  fixed  top  diameter  (fig.  2).   Also  included  in  sawtimber  residues 
are  merchantable  logs  missed  in  skidding. 

Most  of  the  residue  volume  is  caused  by  felling  and  is  wood  from  the  trees  from 
which  saw  logs  are  harvested.   Skidding  losses  are  relatively  minor  and,  as  shown  in 

table  2,  amount  to  less  than  25  percent  of  the  cubic-foot  residue  volume  in  each  of 
the  four  States. 

The  net  volume  of  logging  residues  resulting  from  harvesting  a  reported  volume  of 
saw  logs  can  be  estimated  using  the  percentages  in  table  3;  the  figures  in  this  table 

are  not  adjusted  for  overutilization.   Their  use  provides  an  estimate  of  actual  re- 
sidues (table  4)  without  the  partial  compensation  of  overutilization  volumes,  such  as 

can  be  obtained  by  using  table  1  factors.   Residue  volumes  derived  using  the  percent- 
ages in  table  3  should  not,  of  course,  be  considered  as  a  measure  of  economically 

available  chippable  wood.   The  study  was  not  designed  to  provide  this  information. 



F%gure   2. --Cutouts ,    suah  as   the  one  shown,    in   the  scow   log  portions   of  product   trees 
can  result  in  board- foot  and  cubic- foot  volumes.      In   this   case,    the    log  was  bucked 
to  the  right  of  a   large   limb   leaving  as  residue  a  clear,    2- foot   length.      This 
indicates  bucking  for  a  particular   length  rather   than  for  (Quantity  of  usable  wood. 

Table  2. --Logging  residues  produced  by  felling  and  skidding 

Felling 
: 

State              : Product 
:   Other^ 

:   Al  1    : 
trees :    trees :   trees   : 

Skidding 
:   Total 

-  -Percent- 

Western  South  Dakota 71.33 5.02 76.35 23.65 100.00 
Wyoming 70.75 4.99 75.74 

24.26 1 00 . 00 

Utah 90.40 7.95 98.35 1.65 100.00 
Colorado 79.52 11.22 90.74 

9.26 

100.00 

^   Trees  not  specifically  intended  for  removal 



Table  3. --Net  volume  of  logging  residues  from  saw   log  operations  as  a  percent  of  net 

product  volume 

Unit  of  measurement 

and 

minimum  top  diameter 

Western 

South  Dakota 

Wyoming Utah Colorado 

Cubic  foot 
4  inches 

^4.72 

7.68 
7.31 10.43 

Board  foot 
variable ,98 1.93 

2.61 4.51 

Board  foot 
7  inches .91 1.73 2.61 4.44 

^  For  example,  0.0472  x  7,352  MCF  of  saw  logs  harvested  in  western  South 
Dakota  in  1969  =  347  MCF  of  logging  residue  (not  adjusted  to  Forest  Survey  standards) 

Table  A .--Calculated  estimates   of  logging  residues^   by  States,   for  1969 

Volume  of  saw 
State logs  from  growing Cubic  foot Volume  of 

stock,  1969^ 
residues^ 

logging  residue 
(A) (B) (AxB) 

M  cubic  feet Percent M  cubic  feet 

Western  South  Dakota 
7,352 

4.72 
347 Wyoming 28,701 7.68 

2,201 Utah 
11,210 

7.31 

819 Colorado 34,792 10.43 

3,629 

^Rased  on  the  1969  Products  Output  Study  conducted  by  the  Forest  Survey  research 
work  unit  at  the  Intermountain  Forest  and  Range  Experiment  Station,  Ogden,  Utah, 

^From  table  3. 



Table  S.- -Estimates  of  logging  residues   to  a  4-inch   top, 
in  pieces  6  feet  and  longer,    1969 

State Volume 

Number  of  trees 
measured  with 
sound  residue 

6  feet  and  longer 
(A) 

Total  number 
of  trees 
measured 

(B) 
CA) 

(B) 

Percent 

211 

47 161 

68 

82 87 
286 90 

MCF 

Western  South  Dakota 226.13 100 

Wyoming 1,353.85 
109 

Utah 637.69 
71 

Colorado 
2,115.95 

257 

Residue  Volumes  in  Pieces  6  Feet  and  Lonj^er 

Estimates  of  the  cubic-foot  volumes  of  logging  residues  to  a  4-inch  top  are  pre- 
sented in  table  5.   Tlie  estimates  were  developed  according  to  the  following  procedures 

All  product  trees  except  aspen  which  were  part  of  the  logging  residue  samples 
were  measured  in  place  and  after  bucking  from  the  last  cut  made  for  products  to  a 

4-inch  top.   Net  volumes  were  calculated  and  totaled  only  for  sound  pieces  (no  rot 
present)  6  feet  and  longer,  for  each  State.   The  total  of  these  volumes  was  then  ex- 

pressed as  a  percent  of  the  total  net  product  volume  sampled  for  each  State,  and  this 
percent  was  applied  to  the  total  volume  of  saw  logs  harvested  in  1969.   Tlie  resulting 

estimates  represent  rot-free  residues.   Additional  residue  volume  is  often  available 
in  the  form  of  trees  damaged  by  felling  and  skidding  but  left  in  the  woods  either 
standing  or  down. 

The  number  of  product  trees  having  sound  pieces  of  unused  wood  6  feet  and  longer, 
when  compared  to  the  total  number  of  product  trees  measured,  may  be  indicative  of  the 
degree  of  utilization.   When  these  comparisons  are  expressed  as  percentages,  they 
range  from  47  percent  in  South  Dakota  to  90  percent  in  Colorado;  this  suggests  that 
utilization  in  South  Dakota  is  better  than  in  Colorado. 

Diameter  Class  Distribution  of  Trees 

Harvested  or  Destroyed 

Information  on  the  number  of  growing  stock  trees  harvested  or  destroyed  fand, 
therefore,  removed  from  inventory)  by  diameter  class  is  essential  for  computing  the 

diameter  class  cutting  rates  used  in  most  stand-table  projections  of  growth  and 
inventory  (fig.  3).   Reliable  data  of  this  kind  are  usually  difficult  to  obtain. 

However,  these  studies  provide  an  estimate  of  the  distribution  of  trees  removed  in 
relation  to  volume  of  saw  logs  harvested.   Table  6  shows  the  total  number  of  growing 
stock  trees  (product  trees  and  other)  removed  per  1  MCF  of  product  volume. 



y.4  -  '.  ■r<">4ti 

Figure  3. — Usually  the   largest  numbers  of  growing  stoak  trees  destroyed  during  harvest- 
ing are  in  the  smaller  diameter  classes. 



Table  6. --Growing  stoak  trees   removed  from  inventory   in  saw   log  operations  per 
MCF  of  net  product   volume 

D.b.h.  class     : 

(inches)      '■ 

Western 
South  Dakota 

Wyoming 
'.          Utah    ; Colorado 

-  -  Number  of 

15.3177 

■/->'>/0/3C?    _    _    _    _ 

2 33.2939 

ui   fc.fc;o     _  _  _ 

2.4207 8.6973 

4 18.5905 10.9661 3.3890 8.1218 

6 4.3941 3.6554 1.6945 2.6859 
8 6.9292 3.4813 1.2104 2.7499 

10 5.4081 4.6997 1.2104 2.9417 
12 6.2532 7.1366 4.1152 2.3662 
14 7.2672 11.4882 2.4207 3.3254 
16 4.7321 2.6110 3.1469 2.0464 
18 3.2111 2.2628 3.1469 2.2383 
20 1.6900 .8703 1.4524 1.5348 
22 .6760 .1741 1.6945 .7674 
24 -- 

.5222 .4841 .7674 
26 

-- 
.1741 -- .7035 

28 -- .5222 -- .4477 

30  + 
.1690 .5222 

1.9366 .8953 

All  classes 92.6144 64.4039 28.3223 40.2890 



Study  Methods  and 
Reliability  of  Estimates 

Study  design  prescribed  three  basic  measurements  of  growing  stock  trees  on 
active  logging  operations: 

1.  Net  volume  of  saw  logs  harvested  from  product  trees  measured  on  a  logging 

operation. 

2.  Net  volume  of  residues  from  the  same  trees. 

3.  Net  volume  of  residues  from  trees  cut  or  damaged  as  a  result  of  felling  and 

skidding  product  trees. 

These  measurements  were  related  in  compilation  to  determine  volume  of  residues 

as  a  percent  of  saw  log  volume.   Measurements  provided  both  gross  and  net  cubic-foot 
volumes  for  all  measured  growing  stock  trees.   Careful  scaling  provided  gross  and  net 

board-foot  volumes  to  fixed  and  variable  tops  for  measured  sawtimber  trees.   Species, 
d.b.h. ,  total  height,  overutilization  (by  Forest  Survey  standards),  and  whether  res- 

idues resulted  from  felling  or  skidding  were  also  recorded. 

The  number  of  basic  sample  units  used  in  the  study  corresponded  to  the  number  of 
logging  operations  on  which  measurements  were  taken.   The  number  of  samples  for  each 

State  shown  in  the  following  tabulation  were  drawn  from  a  list  of  active  logging  oper- 
ations in  each  State. 

State 

Western  South  Dakota 
Wyoming 
Utah 

Colorado 

Number  of  operations 

12 
9 
4 

1£ 

44 

10 



To  assure  unbiased  estimates  and  good  distribution,  the  samples  were  drawn  at 

random  within  strata  defined  by  land  ownership  and  operator  size  class.   Two  owner- 

ship classes  were  used--National  Forest  and  other.   Operator  size  class  corresponded 
to  the  production  class  of  the  sawmill  for  which  the  logging  was  being  done.  Two  size 

classes  were  used--small  (less  than  10  million  board  feet  per  year)  and  large 
(10  million  board  feet  and  more) . 

I     Past  experience  in  Idaho,  Montana,  Arizona,  and  New  Mexico  indicated  that  about 
44  samples  distributed  as  shown  in  the  tabulation  on  page  10  should  result  in 
estimates  of  standard  errors  of  the  means  of  cubic  residue  volumes  of  about  20  percent 
per  State  and  for  western  South  Dakota. 

I     The  actual  sample  sizes  used  and  standard  errors  achieved  are  shown  in  table  7. 

ijThe  cubic-foot  standard  errors  are  the  most  meaningful  to  Forest  Survey  because  survey 

'standards  are  expressed  in  cubic  volumes.   In  the  four  States  the  variability  en- 
countered was  greater  than  anticipated  and  the  resulting  standard  errors  are  higher 

than  expected.   In  Utah  the  standard  error  is  especially  high  but  because  the  residue 
volume  in  the  State  is  small,  the  error  appears  acceptable. 

Trees  felled  for  products  were  measured  where  they  had  been  felled  to  determine 
both  product  and  residue  volumes.   Residue  volume  from  other  trees  damaged  or  cut  as  a 
result  of  felling  product  trees  was  also  measured.   Skidding  damage  to  trees  along  skid 
trails  was  determined  after  logs  reached  the  landing  except  in  those  cases  where  crews 
were  on  hand  to  witness  damage  as  it  occurred. 

A  slightly  different  procedure  was  used  for  clearcut  operations  where  there  was 
difficulty  in  relating  felling  and  skidding  damage  to  individual  product  trees.   In 

these  cases,  product  trees  were  those  whose  stumps  fell  within  a  circular  plot.   All 
product  trees  were  measured  within  the  plot  and  felling  and  skidding  damage  was 
assessed  on  the  plot  area. 

Caution  is  recommended  in  applying  estimates  shown  in  this  report  to  any  State 
subdivisions.   Important  interrelated  factors  that  contribute  to  variation  in  the 
amount  of  residues  per  unit  of  product  volume  from  one  area  to  another  include  stand 
conditions  (size  and  soundness  of  trees,  species,  stocking,  etc.);  markets  for  various 

species,  sizes,  and  qualities  of  timber;  and  logging  costs  and  techniques  as  determined 
by  accessibility,  terrain,  etc. 

Table  1  .--Standard  errors   of  ratios   for   loggiyig  residue  volumes  hy   net 
cubic-  and  hoard- foot  measures 

Unit  of  measurement 
and Western 

minimum  top diameters South  Dakota W 

v'oming 

Utah Colorado 

(14  samples) 

(12 

sampl 

es) 

(6 

samples) (21  samples) 

-  - -  -  - Per cent -  - 

Cubic  foot 
4  inches 16.6 

21. n 35 .  8 12.0 
Board  foot 

variable 29.7 21.5 
47.1 

21.0 
Board  foot 

7  inches 32.4 24.2 4  5.3 21.7 

11 



Conclusions 

Estimates  of  logging  residues  are  important  for  several  reasons.   First  of  all, 

they  express  a  reduction  in  inventory  of  the  residual  stand  for  which  no  economic  re- 
turn was  gained.   Second,  unless  logging  residues  are  included  with  product  volume, 

the  estimate  of  residual  stand  volume  with  which  the  manager  must  work  in  the  future 

is  overstated.   The  consequences  of  planning  future  management  with  overstated  esti- 
mates are  obvious.   Third,  the  volume  of  residues  that  might  be  salvaged  for  fiber 

production  is  of  interest  in  areas  where  there  is  a  market  for  chips.   Logging  opera- 
tions that  result  in  high  underutilization  of  product  material  are,  therefore,  costly 

both  now  and  in  the  future. 

12 



Appendix 

Terminology 

Cull  trees .--Live   trees  of  commercial  species  that  will  not  now  or  in  the  future 
qualify  as  sawtimber  trees  because  of  dimensions,  form,  rot,  or  damage.   Also  includes 
all  live  trees  of  noncommercial  species. 

Cull  volume   --Portions  of  a  tree  that  are  unusable  for  industrial  wood  products, 
because  of  rot,  form,  or  other  defect. 

Diameter'  classes .--tK   classification  of  trees  based  on  diameter  breast  lieight 
(d.b.h.)  outside  bark.   Two-inch  diameter  classes  used  by  Forest  Survey  are  identified 
by  the  diameter  at  the  approximate  midpoint  of  each  class.   For  example,  the  2-inch 
class  includes  trees  1.0  to  2.9  inches  d.b.h. 

Growing  stock   trees . --Live   trees  of  commercial  species  except  those  that  are  cull 
because  of  form,  rot,  or  other  defect. 

Growing  stock  volume . --Net   volume  in  cubic  feet  of  growing  stock  trees  S.O 
inches  d.b.h.  and  over  from  a  1-foot  stump  to  a  minimum  4.0-inch  top  diameter  inside 
bark  of  the  central  stem  or  to  the  point  where  the  central  stem  breaks  into  limbs. 

Logging  residues .- -"W-xe   unused  portions  of  trees  cut  or  killed  by  logging. 

Net  volume .- -Gross   volume  less  deductions  for  rot,  sweep,  or  other  defect  affect- 
ing use  for  timber  products. 

Poletimber   trees. --Growing  stock  trees  likely  to  grow  into  merchantable  sawtimber 
trees.   They  must  not  show  evidence  of  rot  in  the  main  stem  or  have  serious  damage, 
crook,  or  stagnation.   Softwoods  must  be  from  5.0  to  8.9  inches  d.b.h.  and  hardwoods 
from  5.0  to  10.9  inches. 

Sawtimber   trees. --Growing  stock  trees  containing  at  least  a  12-foot  saw  log  with 
not  more  than  two-thirds   of  the  gross   board-foot  volume  in  cull  material.   Softwoods 
must  be  at  least  9.0  inches  d.b.h.  and  hardwoods  at  least  11.0  inches. 

Sawtimber  volume .--Het   volume  (in  board  feet  International  1/4-inch  log  rule)  of 
sawtimber  trees  between  a  1-foot  stump  and  a  specified  merchantable  top--fixed  or  vari- 

able.  A  fixed  top  is  7  inches  d.i.b.   A  variable  top  varies  with  d.b.h.  as  follows: 

Ranfie  in  d.b.h.  Top  d.i.b. 
Inches  Inches 

9.0  -  10.9  5 
11.0  -  14.9  6 
15.0  -  18.9  7 
19.0  -  20.9  8 
21.0  -  24.9  9 
25.0+  10 
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ABSTRACT 

Silvicultural  operations  often  alter  the  forest  environment  to 

provide  conditions  suitable  for  the  development  of  forest  pests. 

In  this  study,  weevils  [Magdalis  gentilis  LeC.  (Coleoptera: 
Curculionidae)]  were  attracted  to  thinned  stands  of  lodgepole 

pine,  Pinus  contorta  var.  latifolia  Engelm. ,  in  west-central 
Montana.  Adult  weevils  fed  on  current-year  needles  of  crop 
trees,  often  resulting  in  loss  of  75  to  100  percent  of  the  foliage. 
Weevils  did  not  appear  to  feed  on,  or  breed  in,  the  slash,  nor 
were  they  found  in  unthinned  stands.  Although  not  considered  to 

be  serious,  weevil  damage  can  be  reduced,  or  perhaps  elimi- 
nated by  not  thinning  lodgepole  pine  stands  before  late  July  or 

mid-August.  With  an  increase  in  the  acreages  of  forest  planta- 
tions and  naturally  regenerated  areas  in  the  northern  Rocky 

Mountains,  it  can  be  expected  that  problems  involved  with  insect 
pests  of  young  trees  will  be  experienced  more  frequently. 



Introduction 

There  are  approximately  25  million  acres  of  stocked  commercial  forest  land  in  the 

lorthem  Rocky  Mountains:^  51  percent  is  in  sawtimber;  37  percent,  pole-size  trees; 
and  12  percent,  seedlings  and  saplings.   Land  supporting  mature  sawtimber  stands  is 
rapidly  being  converted  to  growing  young  trees;  each  year,  about  2.8  billion  board 
feet  of  sawtimber  is  harvested.   Tliese  cutover  lands  are  restocked  either  artificially 

3y  the  land  manager  using  direct  seeding  and  planting,  or  by  natural  seeding.   Artifi- 
:ial  methods  often  are  desirable  because  they  assure  well  distributed  trees  over  the 
area,  as  well  as  giving  strong  species  control.   However,  cutover  areas  that  regenerate 
aaturally  are  often  overstocked,  particularly  in  forests  of  western  larch,  Larix 
ooaidentalis   Nutt.,  and  lodgepole  pine,  Pinus   aontorta   var.  latifolia   F.ngelm.   These 
dense  young  stands  are  often  thinned  to  minimize  competition  and  to  provide  optimum 

growing  conditions  for  crop  trees  (fig.  1) . 

This  paper  describes  the  association  of  a  tiny  defoliating  weevil,  Magdalis 

^entilis   LeC. ,  with  young^ precommercially  thinned  stands  of  lodgepole  pine.   It  is 

oased  on  4  years  of  observations  (1965-1968)  and  describes  the  development  of  the 
problem  and  assesses  the  (a)  nature  of  the  weevil  feeding;  (b)  damage  caused  by  the 

veevil;  (c)  relationship  between  the  occurrence  of  the  weevil  and  si Ivicultural  thin- 
aing  operations;  (d)  role  of  slash  in  weevil  infestations;  and  (e)  seriousness  of  the 

3roblem.   The  paper  also  discusses  some  other  forest  insect  problems  associated  with 
forest  management  practices. 

^Encompassing  western  Montana,  northern  Idaho,  and  northeastern  Washington. 



■i^SrJ^J-^..:^^.,.:':-^;-'-:  ^  ̂ ''"*T '^r'tTf^nm^ni  iZTOtinned  in  the 
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.as  extremely  overorc^ded       Cut  trees  are  Jk-?^-*^  fj^.J  Aearoutting  are 
orop  trees  are  spaced  about  10  feet  apart,      ̂ vwnyb  j 
visible  throughout  the  area. 



Development  of  the  Problem 

Magdalis  gentilis  LeC.  belongs  to  a  group  of  small  black  or  blue  weevils,  the 
larvae  and  adults  of  which  feed  on  the  foliage  or  shoots  of  pine  in  many  forests  of 
the  United  States  and  Canada,  as  well  as  of  other  countries.  Most  species  of  Magdalis 
breed  in  slash,  or  in  dead  and  dying  portions  of  standing  trees;  accordingly,  they  are 
not  particularly  troublesome.  However,  some  species  are  significant  pests  of  young 
pine  stands, 

Until  the  mid-1960's,  there  were  no  records  that  any  species  of  Magdalin   had 
caused  any  significant  amount  of  damage  in  the  northern  Rocky  Mountain  region.   The 
known  collections  made  since  the  weevil  was  first  reported  in  the  northern  F^ockies  in 
1923  have  been  scattered  and  infrequent,  as  shown  in  the  following  tabulation: 

Species  Locality  Yca2^ 

M.  gentilis   LeC.  Glacier  National  Park,  Montana  1923 
M.  lecontei   Horn  New  Meadows,  Idaho  1929 

M.  imbellis    fLeC.)  Coeur  d'Alene,  Idaho  1932 
M.  lecontei   Horn  Setters,  Idaho  1963 

In  1965,  a  rather  severe  infestation  of  A",  gentilis  was  detected  on  an  18-acre 
tract  of  lodgepole  pine  regeneration  on  the  Lewis  fi  Clark  National  Forest  in  west- 
central  Montana.  This  site  had  supported  a  15C-year-old  stand  of  lodgepole  pine  which 
had  been  clearcut  in  July  of  1954.  The  logging  residue  was  dozer-piled  in  October  and 
was  burned  in  November  of  that  year.   Lodgepole  pine  regenerated  naturally;  between 

I  jJune  1  and  10,  1965,  the  young  overstocked  stand  was  thinned. ^  Early  in  August, 
■foresters  working  in  the  area  noticed  that  foliage  on  many  of  the  crop  trees  was  dis- 

colored.  I  examined  the  trees  late  in  August  and  found  numerous  M.    gentilis   adults 
5  feeding  on  the  needles  (Fellin  and  Schmidt  1966). 

I      Since  this  discovery  in  1965,  I  have  observed  several  other  instances  of  M. 
»^  gentilis   damage  to  lodgepole  pine  regeneration  on  the  Lewis  fi  Clark  National  Forest. 
;!|i  In  all  instances,  weevils  appeared  in  stands  that  had  regenerated  naturally  following 
t  plearcutting  and  then  had  been  precommerciallv  thinned. 
{ 

^The  forest  management  practices  on  this  site  are  ty]")ical  of  those  being  used  over 
\   extensive  areas  of  lodgepole  pine  on  the  Lewis  P,  Clark  National  Forest  (fig.  2). 
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Nature  of  Weevil  Feeding  and  Damage 

Weevil  damage  is  in  the  nature  of  defoliation  caused  by  adults  feeding  on  the 

Ineedles  of  the  current  year's  shoots.   In  preparing  to  feed,  adults  position  themselves 
longitudinally  on  the  needle  (fig.  3)  usually  facing  the  tip.   As  feeding  begins,  the 
needle  epidermis  is  first  punctured  by  the  mandibles,  then  feeding  continues  on  into 
the  palisade  layer  and  other  needle  tissues.   At  times,  a  weevil  will  abandon  a  feeding 

site  at  this  point  and  move  elsewhere  to  begin  a  new  feeding  puncture.   When  this  hap- 
pens, the  needle  is  not  completely  punctured.   At  other  times,  the  weevil  feeds  at  a 

given  point  until  a  hole  is  punctured  clear  through  the  needle  ffig.  4]. 

Shortly  after  the  punctures  are  made,  those  portions  of  the  needles  outward  from 
the  feeding  site  desiccate  and  discolor,  providing  the  puncture  went  deep  enough  into 

the  needle  (fig.  5).   Dried-up  portions  of  the  needles  are  blown  away  by  wind,  or 
broken  off  by  rain  or  snow,  leaving  only  a  needle  stub  proximal  to  the  feeding 
puncture.   Occasionally,  damaged  portions  of  needles  persist  through  the  following 
spring  and  summer. 

I 
!     If  feeding  is  only  superficial,  the  portion  of  the  needle  beyond  the  puncture  re- 

mains green  and  persists.   The  second  needle  from  the  left  in  figure  5  shows  such  a 
superficial  feeding  puncture.   When  a  deep  puncture  is  made  through  the  needle  sheath, 

[both  needles  are  usually  damaged  and  the  entire  fascicle  is  lost.   Weevils  do  not 
restrict  their  feeding  to  any  particular  area  along  the  length  of  the  needle. 



Figure  3. — Adult   Magdalis  gentilis  LeC.   preparing  to  feed  white  astraddle  a   lodgepoZe 
pine  needle. 

Figure  4. — Four  lodgepole  pine  needles  showing  feeding  punctures  made  by  adult  weevil: 
Magdalis  gentilis  LeC.  Feeding  on  the  second  needle  from  the  left  has  completely 
punctured  the  needle.      Feeding  on  the  other  three  represent  only  partial  punctur> 



Figure  5. --Seven   lodgepole  pine  needles  damaged  by  feeding  of  adult   Magdalis  gentilis 
LeC.      Those  portions  of  the  needles   autioard  from  the  feeding  punctures  har'e 
desiacatedj,    discolored,    and  curled  up  along   their   longitudinal  axis.      The   second 
needle  from  the    left  shows   two  feeding  punctures ;    only   the   outermost  one  was 
severe  enough   to  cause  desiccation  and  curling. 

Damaged  shoots  are  quite  distinctive  soon  after  the  feeding  period  is  over,  while 
dead  portions  of  needles  remain  attached.   Distal  portions  of  damaged  needles,  though 
still  attached,  hang  down  or  lie  at  all  angles  throughout  the  foliage  (fig.  6).   As 
long  as  damaged  discolored  portions  of  the  needles  remain  attached,  trees  have  an 

overall  reddish-brown  color.   Undamaged  needles  or  portions  of  needles  remain  green. 
The  condition  of  a  shoot  bearing  many  damaged  needles,  as  seen  in  figure  6,  is  more 
easily  realized  when  compared  to  an  undamaged  shoot  ffig.  7). 

IJ     Near  the  end  of  the  growing  season  the  year  following  Magdalis   defoliation,  the 
damaged  shoot  generally  lacks  needles;  many  of  those  that  are  present  are  only  stubs 

remaining  after  distal  portions  broke  off.   At  that  time,  undamaged  current  year's 
foliage  appears  as  a  tuft  on  the  end  of  the  branch  ffig.  8) . 

1     Defoliation  resulting  from  needle  feeding  is  the  only  type  of  Magdalis   damage  T 
observed  on  the  young  crop  trees  in  thinned  areas.   There  was  no  indication  that 
adults  oviposit  nor  that  larvae  feed  in  or  on  the  shoots  or  any  other  portions  of  the 

'standing  trees  . 



Figure  6. — Current  shoot  of  lodgepole  pine  shoeing  many  needles  damaged  by  adult 
Magdalis  gentilis  LeC .    as  seen  shortly  after  the  feeding  period  is  over.      The 
distal  portions  of  those  needles  that  have  been  punctured  hang  doum  or  lie  at  al 
angles  throughout  the  foliage. 



Figure   7. — Normal  shoot 
of  lodgepole  pine  on 
which  needles  are  free 
of  Magdalis  damage. 

Figure  8. — Terminal   sec- 
tion of  lodgepole  pine 

shoot  showing  undamaged 
current-year  foliage 
and  defoliation  of  the 

year- old  shoot.     The 
year-old  growth  shows 
a  general   lack  of  needles 
(compared  to  abundant 
foliage  on  the  current 

yearns  shoot)  and  short 
needles  remaining  after 
distal  portions  broke 
off  beyond  feeding 
punctures. 



Association  of  Weevil  Damage 

With  Precommercial  Thinnings 

There  is  a  positive  relationship  between  the  occurrence  of  weevil  damage  and 
precommercial  thinnings.   The  presence  of  weevils  is  also  closely  related  to  when  the 
thinnings  are  made.   Slash  resulting  from  thinning  operations  appears  to  attract  the 
weevils  to  the  area  thinned  but  apparently  is  not  utilized  by  the  insect  during  any 
stage  of  its  development. 

Weevil  Damage  in  Thinned  Areas 

During  1965  through  1968,  I  examined  75  areas  on  the  Lewis  P?  Clark  National  Forest 
that  had  regenerated  naturally  following  clearcutting.   Forty-five  of  these  had  been 
precommercial ly  thinned--the  remainder  left  unthinned.   I  found  no  significant  weevil 
damage  to  foliage  on  trees  in  any  of  the  unthinned  areas.   However,  occasional  needle 
punctures  often  could  be  found  most  everywhere  because  of  the  vast  areas  of  lodgepole 
pine  regeneration  and  the  abundance  of  the  weevil. 

I  devised  a  numerical  system  to  analytically  evaluate  damage.   Several  dozen  new 
growth  shoots  that  represented  varying  amounts  of  damage  were  examined  and  the  numbers 
of  damaged  and  undamaged  fascicles  were  counted.  Six  general  categories  of  damage 
were  arbitrarily  chosen  as  follows: 

Damage  Percent  of 
category  fascicles  damaged 

0  (None)  0 
1  (Occasional)  <1 
2  (Light)  2-25 
3  (Light  to  moderate)  25-50 
4  (Moderate  to  heavy)  50-75 
5  (Heavy)  >75 
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Adult  weevils  usually  confine  their  damage  to  crop  trees  within  thinned  stands. 
However,  if  a  young  unthinned  stand  borders  the  thinned  area,  weevils  often  damage 
trees  along  the  periphery  of  the  unthinned  area.   Seldom  though  will  damage  extend 
more  than  15  or  20  feet  from  the  thinning  area  boundary.   However,  weevils  do  not 

damage  foliage  of  mature  trees  bordering  thinned  stands  even  where  crop  trees  are 
heavily  damaged. 

In  one  instance,  weevils  were  attracted  to  an  area  where  logging  slash--composed 

of  treetops  and  limbs--accumulated  following  clearcutting  for  posts  and  poles.  They 
fed  on  foliage  of  young  lodgepole  pine  along  the  periphery  of  a  dense  unthinned  stand 

adjoining  the  clearcut,  because  there  were  no  young  crop  trees  on  which  to  feed. 

There  appeared  to  be  no  relationship  between  incidence  of  weevil  damage  and  the 

height  or  size  of  crop  trees--damage  was  evident  throughout  the  cro\\Ti.   In  one 
thinning,  heavily  infested  crop  trees  varied  from  1.5  to  6  feet  tall  and  from  one-half 
to  3  inches  in  diameter  (at  a  point  1  foot  above  the  ground).   In  other  tliinnings, 

weevils  damaged  crop  trees  15  feet  tall.   Another  species  of  Magdalis ,   M.    pei^foratiis 
Horn,  attacks  trees  of  all  ages  but  adult  weevils  prefer  to  oviposit  and  feed  on  trees 
under  10  or  12  feet  in  height  in  red  pine  (Pinus   resinosa   Ait.)  plantations  in  Ontario, 
Canada  (Martin  1962,  1964). 

Two  observations  were  made  suggesting  that  M.    gentilis   adults  might  prefer  a  more 
open  and/or  less  shaded  environment.   Many  young  thinned  stands  were  surrounded  by 
stands  of  mature  lodgepole  pine.   In  such  cases,  trees  near  the  edge  of  the  thinned 
area,  which  at  times  were  shaded  by  the  adjacent  uncut  stand,  usually  suffered  less 
weevil  injury  than  unshaded  trees  toward  the  center  of  the  thinned  stand.   A  second 

observation  was  made  in  an  experimental  area  where  trees  had  been  thinned  at  inten- 
sities varying  from  6  by  6  feet  (1,200  trees/acre)  to  18  by  18  feet  (150  trees/acre). 

Examinations  of  144  trees  in  this  study  area  in  August  1965  indicated  that  crop  trees 

in  the  more  intensely  thinned  plots  were  more  severely  damaged  (fig.  9). 
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Figure  9. — Relationship   of  needle  damage  by   Magdalis  gent il is  LeC.    to   the   number  of 
lodgepole  pine   crop  trees  per  acre,    Leb)is   S  Clark  National  Forest,    Montana. 
(See   tabulation,   page   10.) 
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One  might  speculate  that  damage  to  crop  trees  in  plots  having  fewer  trees  per  acre 
might  have  been  the  result  of  a  given  number  of  weevils  per  unit  area  concentrating  on 
fewer  trees.   However,  other  circumstances  are  known  where  weevils  apparently  preferred 
a  more  open  or  less  shaded  environment.  Magdalis  perforatus   are  most  abundant  in 
young,  open  plantations  in  Ontario,  Canada  (Martin  1964).   The  white  pine  weevil, 
Pissodes  stvobi    (Peck),  avoids  understory  white  pines  because  of  the  effect  of  shading, 
rather  than  because  the  trees  are  small  (Harman  and  Kulman  1969). 

Weevil  Damage  and  Time  of  Thinning 

Perhaps  the  most  critical  factor  determining  whether  crop  trees  in  thinned  areas 

will  be  damaged--and  to  what  extent--by  Magdalis   adults  is  the  time  of  year  stands  are 
thinned.   Examinations  of  45  thinned  areas^  over  a  4-year  period  indicated  that: 
(1)  Crop  trees  in  areas  thinned  before  late  July  usually  suffered  moderate  to  heavy  or 
heavy  Magdalis   damage;  (2)  if  thinnings  were  completed  early  in  August,  light  or  light 

to  moderate  damage  might  still  occur;  and  (3)  crop  trees  in  areas  thinned  after  mid- 
August  usually  will  have  only  occasional  needle  feeding  or  will  not  be  damaged  in  that 
year.   The  45  thinned  stands,  arranged  in  a  3  by  3  contingency  table  by  thinning  time 
and  degree  of  damage,  were  subjected  to  a  test  of  independence  (Snedecor  1956).   The 

calculated  chi-square  value  substantiates  the  conclusion  that  the  degree  of  Magdalis 
damage  in  thinned  stands  is  highly  dependent  on  the  time  of  year  stands  are  thinned. 

The  proximity  of  thinned  areas  further  indicates  the  importance  of  time  of  thin- 
ning in  predicting  the  intensity  of  damage  to  crop  trees  that  can  be  expected.   Many 

of  the  thinned  areas  shown  in  figure  10  (letters  merely  designate  the  cutting  units) 
are  only  a  hundred  yards  or  so  from  their  nearest  neighbor;  yet  time  of  thinning  in 
any  area  had  no  influence  on  the  intensity  of  damage  in  any  other  area.   For  example, 
units  N,  0,  P,  Q,  which  were  thinned  in  late  July,  were  heavily  damaged;  yet  weevils 
only  lightly  damaged  crop  trees  in  unit  S,  which  was  thinned  in  early  August.   Moreover, 

crop  trees  in  unit  L,  which  was  thinned  after  mid-August,  were  undamaged. 

Though  crop  trees  in  thinnings  completed  after  mid-August  usually  do  not  become 
infested  or  experience  only  occasional  needle  feeding  that  year,  slash  from  thinnings 
completed  in  early  October  or  later  usually  is  soon  covered  by  snow  (especially  at 
higher  elevations)  and  sometimes  remains  attractive  to  weevils  the  following  spring. 
In  late  summer  of  1968,  I  examined  crop  trees  in  four  areas  that  had  been  thinned  in 
early  October  of  the  preceding  fall.   In  all  areas,  I  found  light  weevil  damage  to  the 
1968  foliage.   Two  of  these  areas  (D,  M)  are  shown  in  relation  to  other  thinned  areas 

in  figure  10.   Usually,  however,  slash  in  areas  thinned  in  early  October  or  later-- 
especially  at  lower  elevations  and/or  on  southern  exposures--will  deteriorate  by  the 
following  spring  or  early  summer  and  no  longer  be  attractive  to  weevils. 

During  the  period  of  study,  adult  Magdalis  gentilis   were  flying  and  were  attack- 
ing crop  trees  in  thinned  areas  usually  during  late  June  and  early  August. 

^Of  these,  43  were  thinned  using  portable  rotary  thinning  saws.   Two  were  thinned 
using  a  Marden  Brush  Cutter,  a  huge  cylinder  equipped  with  cutting  blades  pulled  over 
the  trees  by  a  bulldozer  (manufactured  by  the  Marden  Mfg.  Co.,  Auburndale,  Florida). 
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Role  of  Slash 

Volatile  odors  produced  by  the  newly  felled  trees,  perhaps  accompanied  by  other 
conditions  resulting  from  silvicultural  operations,  appear  to  be  what  attracts  weevils 

to  thinned  areas.'*  Though  adult  weevils  feed  on  foliage  of  crop  trees  in  the  thinned 
areas,  the  thinning  slash  does  not  appear  to  be  utilized  by  Magdalis  either  as  larvae 
or  adults.  This  was  repeatedly  confirmed  by  carefully  examining  boles,  limbs,  shoots, 
and  foliage  of  newly  cut  trees  as  well  as  of  trees  in  all  stages  of  deterioration  from 

early  spring  to  late  fall  over  the  4-year  study  period. 

The  fact  that  Magdalis  gentilis   did  not  utilize  thinning  slash  appears  to  be  a 
unique  behavior;  other  Magdalis   species  feed  in  or  on  slash,  on  other  dead  or  dying 
material,  or  on  weakened  trees.   In  Ontario,  Canada,  adults  of  M.    perforatus   Horn 
oviposit  in  recently  dead  branches  and  larvae  feed  in  the  pith,  sapwood,  and  inner  bark 
of  fresh  slash  from  thinnings  and  prunings  of  young  red  pine,  Pinus  resinosa   Ait.,  and 
Scots  pine,  Pinus  sylvestris   L.  (Martin  1962,  1964).   Upon  emergence  from  the  slash, 
adults  feed  on  new  shoots  of  standing  trees.  Magdalis  austera   Fall,  M.    leoontei   Horn, 
and  M.    auneiformis   Horn  breed  in  dead  and  dying  broken  branches,  twigs  or  dead  outer 
wood  (Craighead  1950)  as  well  as  feed  beneath  the  bark  and  into  the  wood  of  living 
shoots,  killing  small  branches  and  terminal  twigs  (Keen  1952).  However,  as  far  as 
observed,  they  do  no  appreciable  amount  of  damage  (Doane  and  others  1936).   Adults  of 
the  blue  pine  weevil,  M.    frontalis   Gyll.,  feed  on  young  shoots  (Bukzeeva  1965)  and 
mine  the  buds  (Karaman  1963)  of  weakened  young  pine.   Larvae  of  the  red  elm  bark  weevil 
M.    armicollis    (Say)  often  occur  in  immense  numbers  under  the  bark  of  dying  or  recently 

dead  elms  (Hoffman  1939).   Red  elm  bark  weevil  adults  are  reported  to  have  been  at- 
tracted to  and  to  have  infested  white  elm,  Ulmus  amerioana   L. ,  which  were  cut  as  trap 

logs  in  Manitoba  and  Saskatchewan  (Hildahl  and  Wong  1965). 

'^In  another  study,  R.  F.  Schmitz  (Research  Entomologist,  Forestry  Sciences  Labor- 
atory, Moscow,  Idaho)  and  I  found  that  volatile  material  from  foliage  of  ponderosa 

pine,  Pinus  ponderosa   Laws.,  appeared  to  be  primarily  responsible  for  attracting  the 
weevil,  Magdalis   leoontei   Horn.   In  July  1966,  we  dissected  two  ponderosa  pines  each 
into  three  components:  bole  sections,  nonfoliated  portions  of  limbs,  and  foliage.   We 
placed  each  component  into  saran-covered  cages,  and  set  the  cages,  along  with  empty 
cages,  about  100  feet  apart  in  a  ponderosa  pine  thinning  area.   In  early  August,  we 
collected  eight  and  24  times  as  many  weevils  from  the  cages  containing  foliage  as  we 
did  respectively  from  cages  containing  nonfoliated  limbs  and  bole  sections.   No  weevil:: 
were  attracted  to  empty  cages. 
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Seriousness  of  the  Problem 

Damage  to  current  year's  foliage  of  lodgepole  pine  caused  by  feeding  of  Magdalis 
adults  will  probably  continue  in  young  stands  as  long  as  thinning  operations  are 
continued.   However,  at  least  three  factors  tend  to  discount  the  seriousness  of  the 

damage,  even  of  heavy  damage:   (1)  Damage  is  restricted  to  current  year's  foliage, 
and  infestations  in  any  thinning  area  do  not  persist  for  more  than  one  growing  season; 
(2)  much  of  the  feeding  occurs  after  most  of  the  tree  growth  has  been  completed  for 
that  season  so  the  effects  of  defoliation  on  the  tree  may  be  negligible;  and  f3)  there 

is  no  damage  to  newly  developing  shoots  through  either  feeding  or  oviposition.   Hence, 
even  though  defoliation  might  be  reasonably  heavy  in  a  given  year  ffig.  6),  a  bud  will 

be  set  and  a  nomial  complement  of  foliage  will  be  produced  the  following  year  (fig.  8). 
Accordingly,  I  believe  that  Magdalis   infestations  in  these  young  lodgepole  pine  stands 
should  not  now  be  considered  as  a  serious  forest  insect  problem.   However,  the  complete 
role  of  this  weevil  in  the  lodgepole  pine  ecosystem  cannot  be  assessed  until  its 
biology  and  ecology  are  thoroughly  studied. 

In  the  event  that  damage  is  ever  felt  to  be  intolerable,  some  preventive  or  control 
measures  might  be  applied.   Perhaps  the  most  currently  acceptable  and  permanent  approach 
would  be  through  a  change  in  the  time  of  year  when  thinnings  are  made.  This  study 
indicates  that  Magdalis   damage  to  crop  trees  could  be  substantially  reduced  if  thinning 
did  not  begin  before  late  July  and  that  defoliation  could  he  practically  eliminated  if 

thinnings  were  deferred  until  mid-August. 
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Though  less  desirable  than  a  silvicultural  approach,  chemical  control  could  offer 
some  temporary  relief.   In  recent  work  (Bukzeeva  1965),  100  percent  control  of  M. 
frontalis   adults  was  achieved  by  dusting  trees  with  12  percent  BHC  (Benzene  Hexa- 
chloride)  at  18  pounds  per  acre  at  a  period  when  adults  were  feeding.   This  approach 
could  conceivably  be  taken  with  M.   gentilis   on  lodgepole  pine  because  the  feeding  habit 
of  M.    frontalis   and  M.    gentilis   adults  are  similar. 

The  association  of  the  weevil  and  the  lodgepole  pine  thinnings  is  an  excellent 

example  of  how  silvicultural  operations  altered  the  forest  environment  to  provide  con- 
ditions suitable  for  the  development  of  a  hitherto  unknown  pest  of  forest  regeneration. 

Another  instance  of  Magdalis   damage  associated  with  forest  management  practices  has    , 
been  observed  since  1968.   In  1969,  Magdalis    (probably  leoontei   Horn)  adults  caused    j 
spectacular  defoliation  to  a  young  stand  of  ponderosa  pine  on  the  Fremont  National     i 
Forest  several  miles  south  of  Silver  Lake,  Oregon  (Dolph  and  Pettinger  1969).   Accord- 

ing to  reports,^  weevils  were  observed  on  July  26,  1969,  feeding  on  needles  around  new 
bud  clusters  on  small  trees  left  standing  in  a  40-acre  area  from  which  the  overstory 
had  been  logged. 

^Personal  communication  on  March  13,  1970,  with  Mr,  Benton  Howard,  former  Branch 
Chief,  Insect  and  Disease  Control,  Division  of  Timber  Management,  USDA  Forest  Service, 
Region  6,  Portland,  Oregon. 
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other  Forest  Insect  Problems  Associated  With 

Forest  Management  Practices 

Forests  of  different  age  classes,  like  people,  usually  are  troubled  by  different 
problems,  not  the  least  of  which  in  forest  management  are  forest  insects.   Insect  pests, 
such  as  various  species  of  bark  beetles,  that  are  usually  the  most  serious  enemies  of 

old-growth  forests,  are  seldom  troublesome  in  new  forests  of  seedlings  and  saplings. 
On  the  other  hand,  forest  insects  that  kill  or  deteriorate  younger  trees  often  are 
unknown  or  effect  an  insignificant  amount  of  damage  in  the  mature  forest.   Moreover, 
there  are  some,  like  the  western  spruce  budworm,  Choristoneura  oocidentalis    Freeman, 
and  the  larch  casebearer,  Coleophora   larioella   Hbn.  ,  that  have  an  impact,  though 
differentially,  on  all  age  classes  of  their  host  trees.   With  time,  forest  insect 

problems  of  old-growth  or  overmature  forests  will  wane  in  the  northern  Rocky  Mountains 
because  current  forest  management  practices  are  converting  an  increasing  proportion  of 

commercial  forest  land  into  young  even-aged  forests  of  seedlings,  saplings,  and 
pole-size  trees. 

One  example  of  such  management  practices  is  the  planting  of  trees  on  what  has 

heretofore  been  nonstocked  or  nonproductive  forest  land.   In  1970,  for  example,  conif- 
erous trees  were  planted  on  more  than  34,000  acres  in  the  northern  Rockies.   Much  of 

j  this  acreage  is  considered  to  be  some  of  the  most  potentially  productive  timberland  in 

I  the  Nation  but  on  which  only  brush  had  been  growing--a  situation  created  by  repeated 
}  wildfires  over  the  years. 
I 

These  wildfires  also  have  been  responsible  for  the  development  of  extensive  forests 

of  western  larch  and  lodgepole  pine--two  coniferous  species  that  depend  on  fire  for 
their  establishment  and  early  survival  (Beaufait  1971).   These  even-aged,  often  single- 
species  stands  as  such  are  predisposed  to  forest  insect  infestations,  more  so  than  young 

uneven-aged,  mixed  conifer  forests.   Moreover,  many  of  these  stands  are  so  dense  that 
t  they  have  stagnated  to  the  point  where  they  will  never  produce  usable  products.   Many 
of  them  no  doubt  will  have  to  be  destroyed  and  replaced  by  new  trees  (Wikstrom  and 
Wellner  1961)  . 
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Another  management  practice--clearcutting  followed  by  prescribed  burning--is 
necessary  in  many  forest  types  to  provide  suitable  site  conditions  for  regeneration  ai 
to  control  species  composition.  Also,  clearcutting  is  the  only  practical  way  to  manaj 
certain  forests  troubled  with  serious  insect  or  disease  problems. 

Management  of  Engelmann  spruce,  Piaea  engelmanni   Parry,  forests  in  the  northern 
Rockies  during  the  last  20  years  provides  an  excellent  example  of  a  change  in  forest 

insect  problems  that  can  occur  as  old-growth  forests  are  converted  to  stands  of  young 
trees.   During  the  fall  of  1949,  hurricane- force  winds  swept  through  northern  Idaho 
and  northwestern  Montana  laying  large  volumes  of  Engelmann  spruce  on  the  ground. 

Severe  epidemics  of  the  spruce  beetle,  Dendrootonus  rufipennis    (Kirby)  (=  obesus 
(Mannerheim)) ,  developed  in  much  of  this  downed  timber  during  1950  and  1951,  spreadinj 
in  1952  to  standing  spruce  throughout  most  of  the  spruce  type  in  the  northern  Rockies 
As  a  result,  approximately  2.5  billion  board  feet  of  spruce  timber  was  attacked  by 
this  beetle  between  1952  and  1956  (Tunnock  1959).   During  this  same  period,  thousands 
of  acres  of  spruce  forests  were  clearcut  in  northern  Idaho  and  western  Montana  to 

salvage  damaged  and/or  beetle-killed  trees,  both  standing  and  windthrown.   The  outbre; 

steadily  declined  following  its  peak  in  1953;  by  the  late  1950's,  no  infestations  were 
reported  in  many  forest  compartments. 

As  spruce  beetle  problems  diminished  with  the  logging  of  progressively  more  acre; 
of  mature  and  overmature  spruce  during  the  past  two  decades,  an  increasing  number  of 
clearcuts  have  been  planted  or  have  naturally  regenerated  with  Engelmann  spruce. 
Damage  to  these  young  trees  by  the  Engelmann  spruce  weevil,  Pissodes  strobi    (Peck) 

(=  engelmanni   Hopkins)  steadily  increased.  These  small  weevils  attack  and  kill  or 
seriously  injure  terminal  shoots  of  young  trees,  causing  crooks  in  the  trunk  or  a 
stunted,  forked,  and  worthless  tree  (Keen  1952).   By  1966,  terminals  destroyed  by 
weevils  were  noticeable  in  almost  all  stands  of  spruce  reproduction  in  the  northern 
Rockies;  some  stands  were  recurrently  damaged  (Tunnock  1966).   By  1971,  the  weevil 

was  distributed  throughout  spruce  stands  in  this  region  (McGregor  and  Ouarles  1971), 
and  term.inal  killing  was  prevalent  throughout  many  areas.   In  some  young  trees, 
repeated  attacks  to  live  portions  of  the  main  bole  killed  the  trees  outright,  or 

predisposed  them  to  death  by  secondary  insects.   "In  some  areas"  according  to  McGrego] 
and  Ouarles  (1971)  "large  blocks  of  young  even-aged  spruce  offer  ideal  conditions  for 
buildup  and  maintenance  of  weevil  populations."  No  doubt  this  weevil  will  continue 
to  be  a  serious  problem  in  the  management  of  Engelmann  spruce  in  the  northern  Rockies 
In  British  Columbia,  the  weevil  has  become  generally  recognized  as  an  important  pest, 

notably  of  spruce  plantations  (Molnar  and  others  1970). 

We  are  experiencing  some,  and  we  can  expect  more,  changes  in  our  forest  insect 
problems  as  increasing  acreages  of  mature  forests  are  being  converted  to  stands  of 
young  trees.   In  some  young  stands,  problems  will  develop  from  forest  insects,  such  a\ 
the  Engelmann  spruce  weevil,  which  characteristically  and  historically  are  pests  only 

of  young  trees.   In  other  young  stands,  ubiquitous  forest  insects,  such  as  the  westei' 
spruce  budworm  and  the  larch  casebearer,  will  be  responsible.   At  the  present  time, 
for  example,  western  spruce  budworm  larvae  (by  severing  stems  of  terminal  shoots)  are 

causing  disfigurement  and  as  much  as  a  30-percent  reduction  in  height  growth  of  younf' 
western  larch  (Schmidt  and  Fellin,  in  press). 

We  know  very  little,  and  sometimes  nothing,  of  the  role  forest  insects  play  in  " 
management  of  young  forests  of  seedlings,  saplings,  and  pole-size  trees  in  the  north' 
Rocky  Mountains.  If  we  wish  to  minimize  damage  and  losses  caused  by  insects  in  theS' 
young  coniferous  stands,  where  much  of  our  forest  management  effort  is  directed,  mor 
research  effort  must  be  devoted  to  the  study  of  the  biology,  ecology,  and  impact  of 
insects  that  affect  forest  regeneration. 

18 
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ABSTRACT 

This  paper  describes  a  set  of  computer  programs  for  combining 

quantitative  si Ivicultural  knowledge  with  past  growth  data  from  a  sam- 
pled stand  to  make  a  prognosis  of  the  course  of  development  that  the 

forest  stand  is  expected  to  follow  under  alternative  management  pre- 
scriptions. An  important  design  criterion  of  this  procedure  is  that 

the  prognosis  model  should  apply  to  stands  containing  any  mixture  of 
species  or  age  and  size  classes  that  grow  as  a  community.  The 

model  simulates  the  deviation-amplifying  aspect  of  the  growth  pro- 
cess by  a  unique  procedure  for  introducing  the  stochastic  elements 

in  a  deterministic  computing  algorithm.  The  growth  rates  predicted 

by  the  built-in  models  for  diameter  change  are  compared  to  the  ac- 
tual past  growth  of  the  sample  trees  to  calibrate  these  models  for  the 

particular  stand  for  which  the  prognosis  is  to  be  computed.  Selection 

of  trees  to  be  cut  at  any  period  can  utilize  a  variety  of  tree  charac- 
ters to  emulate  a  wide  range  of  silvicultural  prescriptions. 

An  application  of  these  programs  to  develop  prognoses  for  lodge- 
pole  pine  stands  in  the  presence  of  an  infestation  of  mountain  pine 
beetles  is  described. 



INTRODUCTION 

IVhat  are  the  future  impacts  of  present  management  practices  on  tree  growth?   Tlie 

iswers  to  this  question,  for  a  variety  of  timber-growing  sites  and  stand  structures, 
icompass  the  full  range  of  skills  of  the  silviculturist .   Answering  the  question  in 

lantitative  terms  also  requires  the  means  to  accomplish  the  large  volume  of  computa- 
Lons  that  are  necessary  to  represent  the  complex  biological  interactions  that  charac- 
rize  the  development  of  a  forest  community.   This  paper  describes  a  set  of  computer 
rograms  for  combining  our  current  silvicultural  knowledge  with  past  growth  data  from 
sample  stand  to  make  a  prognosis  of  the  course  of  development  that  the  forest  stand 

;  expected  to  follow  under  alternative  management  prescriptions.   This  model  is 
iliberately  termed  a  prognosis  rather  than  either  a  simulation  or  projection.   Most 
)rest  stand  simulators  begin  with  hypothetical  distributions  of  trees  in  space; 
iereas  this  program  begins  with  a  diagnostic  description  of  the  present  forest.   The 
isult  is  not  a  projection  because  the  course  of  stand  development  depends  on  the 
:tailed  interaction  of  growth  factors  rather  than  upon  following  an  initial  trajectory 
iplied  by  current  growth  rates. 

For  many  of  our  forest  types,  our  ecological  and  silvicultural  knowledge  is 

[icomplete.   It  follows  that  the  programs  that  comprise  this  model  are  also  incom- 
ete.   My  hope  is  that  the  design  is  sufficiently  flexible  that  new  capabilities  can 
added  as  silviculturists  develop  better  quantitative  representations  of  the  various 

ological  aspects  of  tree  growth.   Indeed,  the  gaps  in  this  model  call  attention  to 
rresponding  gaps  in  silvicultural  research. 

An  important  design  criterion  of  this  model  is  that  the  prognosis  should  apply 
stands  containing  any  mixture  of  species  or  age  and  size  classes  that  grow  as  a 

mmunity.   That  is,  the  model  should  apply  equally  well  to  pure  even-aged  stands  or 
ands  composed  of  a  mixture  of  ages,  species,  and  sizes. 

Growth  models  that  are  tree-by-tree  analogs  of  stand  development  can  be  useful 
juncts  to  silvicultural  research.   In  this  context,  they  can  be  used  to  interpolate 
ong  the  limited  number  of  treatment  combinations  that  can  be  installed  in  a  research 

udy  of  feasible  scope.   For  this  use,  resolution  of  the  model  should  be  capable  of 
scribing  tree  growth  in  sufficient  detail  to  demonstrate  subtle  differences  between 
eatments.   On  the  other  hand,  in  the  context  of  forest  management  planning,  much 

ss  detail  is  required  about  individual  trees.   Consequently,  the  development  of  this 
pgram  has  followed  a  middle  course  between  the  growth  simulation  models  (described 



by:  Mitchell  1968;  Newnham  and  Smith  1964;  Lee  1967;  and  Amey  1972)  that  maintain  t 
map  coordinates  of  the  trees  through  time  and  the  stand  projection  programs  such  as 
TRAS  (Larson  and  Goforth  1970)  that  combine  trees  from  widely  diverse  stands  into 
common  cells.  The  effect  of  competition  from  neighboring  trees  on  the  growth  of  an 
individual  tree  is  retained  through  the  early  stages  of  projected  time  by  maintainir 
the  identity  of  the  neighboring  trees  sampled  at  the  same  small  diagnostic  plot  with 
the  stand.   In  addition,  variables  expressing  competitive  status  are  computed  from  t 
relative  position  in  the  stand  table  and  from  the  crown  description  (Appendix  I). 

Diagnostic  examinations  of  forest  stands  are  routine  in  the  practice  of  silvi- 
culture. This  program  is  designed  to  use  sample  data  from  these  routine  stand  exami 

tions  as  starting  values  for  the  prognosis.  Two  types  of  stand  examinations  are 
accommodated.   In  the  first  type,  which  is  appropriate  for  surveying  the  regeneratic 

phase  of  tree  development,  the  sampling  unit  is  an  area  of  land  such  as  a  4-milacre 
quadrat  or  a  1/300-acre  circular  plot.   For  such  samples,  the  characteristics  being 
modeled  would  be  the  species  and  heights  of  the  dominant  trees,  a  measure  of  competi 
vegetation,  and  little  else.   In  the  second  type,  the  individual  sample  tree  is  the 
record  unit.   The  tree  characteristics  recorded  in  this  type  of  inventory  emphasize 
information  needed  to  estimate  its  future  course  of  development.   As  stands  describe 
initially  by  the  stocked  quadrat  survey  are  projected  through  time  by  the  program,  t 
records  are  converted  to  the  individual  tree  type  of  data  for  prognosis  of  subsequen 
stand  development. 

The  functions  that  drive  the  prognosis  are  expressions  for  finite  differences-- 
is,  for  the  periodic  rates  of  change  of  the  various  aspects  of  tree  growth.  Coeffi- 

cients in  the  tree  growth  functions  are  estimated  from  past  records  of  growth.   Soui 
may  include  growth  recorded  in  management  inventories,  and  in  research  studies  of 
silvicultural  treatments  or  of  insect  and  disease  impacts.  However,  at  the  start  oi 
the  prognosis,  these  coefficients  based  on  prior  analysis  of  growth  are  modified  if 
the  growth  records  of  the  stand  being  modeled  provide  sufficient  evidence  that  the 
growth  rates  specified  by  the  growth  functions  are  not  appropriate.  Through  this 

process  of  "self-calibration,"  the  model  can  accommodate  itself  to  local  peculiarit: 
of  site  quality,  genetic  character,  and  tree  vigor.  In  fact,  the  calibration  variab 
can  be  interpreted  as  a  measure  of  local  site  quality  in  healthy  stands,  or  as  a 
measure  of  impact  of  insect  or  disease  outbreaks  on  the  rate  of  accretion. 

Growth  is  a  process  that  amplifies  the  effects  of  previous  departures  from  the 
mean  growth  level.  To  incorporate  this  characteristic  of  the  growth  process,  speci 
techniques  of  computation  have  been  developed  to  retain  the  effects  of  the  stochast 
aspect  of  the  growth  process  in  the  prognosis  program. 

The  prognosis  is  developed  by  first  estimating  the  changes  to  be  expected  in  t 
tree  conformation- -diameter,  height,  and  crown--during  the  next  growth  period.  The 
the  trees-per-acre  corresponding  to  each  sample-tree  record  is  reduced  for  the  expe 
mortality  rate  appropriate  to  a  tree  of  its  characteristics  growing  in  such  an  envi 
ment.  The  tree  projection  process  is  repeated  for  successive  growth  periods  and 

appropriate  displays  of  the  stand's  development  are  produced  for  each  period  along 
the  way. 

Harvests  (i.e.,  partial  cuts,  thinnings,  or  cleaning)  can  be  scheduled  at  the 
start  of  any  growth  period.   Selection  of  trees  to  be  cut  can  utilize  any  of  the  cljb 
acteristics  describing  the  sample  tree  and  the  stand  to  simulate  a  variety  of  silv: 
cultural  prescriptions.   If  these  silvicultural  prescriptions  are  keyed  to  the  timl 
classes  and  management  alternatives  specified  for  the  Timber  RAM  Matrix  algorithm 
(Navon  1971),  then  this  growth  prognosis  model  can  be  used  to  provide  the  yield 
schedules  required  by  RAM  for  scheduling  timber  harvests. 



INFORMATION  PRODUCED 

A  surfeit    of  detail    about   the   tree    development    is    availalile  within    the   computer 
ata  files.      How   to   assemble   this   detail    into   infomiation   useful    to   the   manager    in 
:ompact    form  is   no   small   problem.      Certainly,    numbers   of  trees,    their   distribution  hv 
iize,    the  volume  of  scheduled  harvests,    and    its    species    composition    are   cssenti;il 
dements   of  the   output.      Stand   and   stock    tables--arrays    of  numbers   of  trees    nnd    volumes 
y  diameter   classes--are   the   customary  means   of  presenting   such    information.      However, 
iameter-class    intervals    appropriate   to  one   stage   of  development   of  a   stand  would 
ither  provide   excessive   detail    at    later  stages,    or    insufficient    detail    at    earliei- 
tages.      Instead,    the  distribution  of  any   attribute  with    regard  to  diameter    is    displa\-ed 
y  printing   the    lowest   diameter  such   that   a   given    fraction  of  that   attribute    for   the 
tand    is   entirely  contained    in   trees   of  that   diameter   and    larger.      For  example,    figure 

■'^"  A  is   a  portion  of  the  output    from   a   lodgepole   pine   stand   as    it    is   expected   to  develop 
rom   1969   to   the  year   2020.      In   1969    there  was    a   total   of  509    trees    per   acre.        of 
hese,    10  percent  were    larger  than   8.9    inches    d.b.h.,    50   percent   were    larger  than 
8  inches   d.b.h.,    and  90   percent   were    larger  than   5.7    inches   d.b.li.      At    the   same   time, 

0  percent   of  the   total   volume    (which  was   4,775    cu. ft. /acre)    was    contained    in   stems 
arger  than   7.3   inches   d.b.h. 

■r lOI.-; 

The  periodic  mean  annual  accretion  (growth  on  surviving  trees)  and  mortality  from 
969  to  1980  are  indicated  as  100  and  61  cubic  feet  per  acre  per  year,  respectively. 

'^  he  distributions  of  growth  and  mortality  by  size  classes  are  provided  with  the  same 
'  nterpretation  described  for  numbers  of  trees  and  volume.   In  1990  the  stand  was 
"tinned  from  below  to  a  residual  density  of  300  trees  per  acre.   Volume  removed  was 

"|35  cu.ft. 

Species  composition  is  indicated  by  displaying  the  percentages  of  the  total  volume 
cu.ft.)  that  represent  each  of  the  three  most  plentiful  species.   Species  composition 
s  displayed  for  only  those  stand  attributes  that  are  measured  in  units  of  cubic  feet. 

leciil 

'35t'|    Yields  in  units  of  merchantable  product  are,  of  course,  vital  to  the  utility  of 
his  program  for  management  planning.   Grosenbaugh  (1954)  and  Bruce  (19  70)  have  siiown 

ow  summaries  of  the  primary  units  of  volume  (cu.ft.),  bole  surface  area  (sq.i't.),  and 
ii^'ole  length  (ft.)  can  be  used  to  predict  yields  when  the  wood  is  manufactured  into  a 
The'lde  variety  of  products.   Furthermore,  the  conversion  from  the  trio  of  primary  units 

5  product  yield  is  linear  and  additive.   Consequently,  sums  of  the  volumes,  surfaces, 
sngths,  and  numbers  of  stems  can  be  accumulated  by  species  over  many  stantis  in  a 
opulation  before  the  conversion  is  computed. 

envi 

Growth   trends   of  the    individual    trees    are   of   interest    to   supplement    the   stand 
Jiranaries    described   above.      By   following   individual    tree    records   through    tlie   cycles   of 

ttiHredicted  growth,    we   can  gain   additional    insight    into   the   prognosis   model.      Tlie   second 
Jtput  table   shows    the   development   of  the    five    sample   trees    that   occur   at   the  boundaries 

sil^Jf  the   fractions   of  the    initial    diameter   distribution    (percentile).      Species,    d.b.li., 
bight,    crown   ratio,    past  diameter  growth,    and   trees-per-acre  associated  with    eacti    of 
le  five   sample   tree   records    are   shown,    along  with   the    relative   density   of  the   stand 
fig.    IB). 



I    I I    I 
I    I 

•     • o  o 

I    I 
I    I 

I    I I    I 

I    I 
I    I 

I    I 

^  ft- 

o  o 

^-  h~        *3  t—  t—  >- 
^    a.     LL     U  I '.'  3  C>  u 

^  t^j  iy>  u- 

^    U.    U      Ui 

0  3  0  0-1 

i-  i_)  i>n  u. 

o  t/l  u^        (-J  O 

J-    J^  X  IT 

<j   r-.  ̂ ^  vO 
rfl  u~i  f<i  X 

in  o  f^ 

r-  X  ir   X 

f^J  rsj   <7^  r- 

in  ̂   •-» 

^.^    ̂   rt  r.,  O  X 

X  o       ''J  o-  -r  c- 

'"I    -T  -f  O 

^  J-  o 

o         —  ̂  

O     in 

— '  1X1 

rvl   « 

4  rsi OU     fNJ 

.-1  CO 

•     • 
•    • 

ft      • 
•      • 

<y  r- 

X  0- 

r  tc cr  cr 
o  cr 

o  w 

cc  lts 

~-i  o 

r^(  oj sT    Psl iX-    rr CL'  a. 

cr  o •      • r-  a? •      • 

00  r- 

•    • 

f^  re 

•    • 
cr  cr 

O  T 

cr  o 

•     • _•  cr 

■I    -c 

>c  r- 
a  a,' 

cr   in cr  <D 

ir  IT 
o  in 

,0   .0 

<    -^  C- 

ul  LU 
UJ  Ui  o  I 

Uj  J  «I  >- 
or  3  u-  C I-  _i  u  2 

C  3  "■ i  >  1/1  _ 

o  a. o  c. 

li-  UJ  O    X 

UJ  I     <    I- 
o  3  u-  O  2   > 
»-  _/  u.   Z  O  t- 

O  3  lu  —  — 
Z  a   K 
<  LJ    QC 

un  uj 
LU  U-  O  I 

Uj  I  <I  >- 

a  3  "-  o 

•-  _i  a.  2 

C  3  Uj 
I  >  i/l  _/ 

UJ  O  X 

1  <  K 
3  LL  O  z   >■ 

_>  a  2  _i         C  K- 

_,  C  3  lu  <         —  — 
<   >  1/1  _i  3         K   _) 

>  U         UJ  < 
C  —  ex   I- 

2. ai 

UJ        o  c 

u.  <   I 

l/l  UJ 
UJ  uj  o  X 

UJ  I"  <  »- 

(X  3  u  C 

t-  _i  a  z 

O  3  u. 

^>  O
0_ 

UJ   < 

l/l  UJ UJ  UJ  o  X 

UJ  J  <r  t- a  3  u-  o  z  > 

H  _j  a.  z  O  t- 

O  3  UJ   

<  L^  u. 
t-  <_)  O 
ij^  <  r 

S       i^ 



O  m 
Z  Q <I 

CO  UJ 

■Z.  3- 
<   cc 

K  <l 

>v  -J  (7^  r-  fO  JT. 
I/)  LU  ,-«  ̂   ,— I  /^  ,_i 
lU  tt  cc  .T3  fM  rr,  r- 
UJ  o  •  •  •  •  • 
uc  *i  u  in  rn  o  r^ 

1  O  r-J  <">  f^ ~1-  O  ir  (Ni  n 
<M  ir\  ac  (7  — " •  •  •  •  • 
-J-  iM  O  CO  r- 

I v/1 
I/) 

X I a. a 
Q 

(- 
> 

") 

o o o o 

>- 

,— 1 

in or 

-r 

^ m 
f. 

rr\ 

>r 
* m 

r-i 

m 

-* 

»— 
>_j O • • • • • 

,—1 

• • • • 
1/1 a. _i o o O o o ,_« o o o o 
< 

•J 

a — — 

'-i  ̂   ̂  
'ti  s  —       rnvrin-ooC' 
^3  (J    K-  m    f<^    f<-i    m    fl 
J  a  < 
Qi  o  a: 

'L I 

t- 

O o o o o 'r o LLj • • • • • • 
Li, 

fl 

r>~
 r^ 

r-« ir 

UJ LL Ln 

-c 

-0 
-0 

o >• X 

L 

•,r 
•-. 'a U1 

'• LU 

t^ 

f\j 
00 

r~ 

cr 

I X • • • e • 
OD (_) in 

-o sO 

r~ 

to 

Q ^ 

r^  rr\   ̂    in  r- 
n^-  r**^  r*^  r'",  m 

^  fvg  f\j  ̂   in 
•      •  •  •  • 

O   O  ̂   OU  r\| 

~o  r^  r^  -c  f^ 

o  m  <Nj  .-I  ̂  •     •     •     •     • 
-o  -t  r-  00  c^ 

J^  Tl  —<  -^  ̂  

~t  00  ,}•  o-  '^ 
— «  o  o  r-  in 

oo 

a 
>-    O-  — •  H>  O  1^ 

nj  f*~i  r*"!  r*~i  4 
O     •  •     •  •  • 

^  O  O  '3  O  O 

-t   ̂   m  >c  CD (-»~\   ro  ro  f-   r*^ 

I-'"    -C    vO   O    — • 

-o  ~o  o  ir>  cr 

^  r-  oC'  r^  r^ 

m  O"  m  in  cT" •     •     •     •     • 
>0   >0  f^   00  u 

J-  "^  CO  o  -r 

r^  ro  nJ  cr  nj 
•-<  cr  '^  ■£  o 

•  •  •  •  • 
O  h-  r^  o  -o 

L/1 

CL 

>-  SO  TO  in  cr  — 1 

,0  rvj  £  r-i  4- o     •  •  •  «  • 
— 1  o  o  o  o  o 

r~-  ~o  r^  oc 

r*^  f^  ro  ro 

cr  cr   d  in    ̂  

ro  r\j  r^   •— •  in r-  oc  or  oc'  cc 

o  •-4  f\j  rr  ro 

t^  r^   or  cr   o 

'^    'M    fl    -C     J? 

— <  nj  o    C    -t 

O  ̂   -C  in  in 

^    c^l    n     I/',    rn 
rj  -i,   '-v.  r     .Ti 

— ■  O  "")  o  o  o 

T  f^  cr  cr  o 

c\j  in    r*     'X    ̂ ^ 
<_)  17   ro  p-  oj 
cri  a    c^   a.  a 

nj   OL    vT    f*"'   re •     •     •     •     • r-  r~  tr  o-  o 

ir  a;  o  f^  c~ 
O  Km  u"  n; 
^   cc   00  r-    CT 

O    4     r    -J    -J 

0^ 

u 

>-  r- 

o 

c  cr  o  CM 

ri  vj  n  ̂ c  r^ 
o  o  o  o  o 

J  -J   -f   v> 

in  cr  IT    >f  r^ 

^  a^  cr    sj    cjL 

cc    C    o    cr    (.r 

>i,   r»    cc   a    ̂ C' 

p-    a    a    a    •-• 

O 

S* 

O 

4--. 

4> 

<4) 

o 

<3. 

a   a  a  Q  a Q.  a  a  a  a Q.  a  a  a  a Q    a    Q    Q    o Q    Ci    o.   Q.    a Q   a   ci  a   a 

4-i 

cr  r^  ir>  rt.  ■-. O"  f^  m  fi  .-" 
CT   r-  m  r'  ̂ - cr  r^  u    n  — 

cr    r-    u^    ri.   — (7    r^   u    c  i  ̂  

5    « 

"II 

o 

o 



INPUT  VARIABLES 

The  variables  used  to  describe  the  stand  at  the  start  of  the  prognosis  are  li. 
below.  Some  of  these  items  may  be  omitted  if  the  growth  functions  for  a  particula 
forest  type  do  not  use  them.  A  specific  format  for  the  input  of  these  variables  i 
given  in  Appendix  II. 

Sample  design    (see  Appendix  III): 

Stand  expansion  factor  or  sampling  weight 

Number  of  plots  in  the  stand 

Type  of  stand  examination  (quadrat  description  vs.  tree  enumeration) 

Fixed-area-plot  size 

Variable-radius-plot  basal  area  factor 

Tree  d.b.h.  dividing  fixed  from  variable  plot  tally 

Management  class  code  designating  recently  cut  tree  or  recent  mortality  tree 

Period  for  measurement  of  radial  or  height  increment 



ite  aharaaters : 

Site  index  As]-)cct 

Elevation  Slope 

Latitude  Physiographic  site 

Habitat  type  Stockabi lity^ 

Competition  from  nontree  species 

tand  aharaaters : 

Timber  class  Stand  origin 

Age  (if  even-aged)  Total  stand  area 

Proposed  management  prescription 

ee  aharaaters : 

Plot  identification 

Species 

Number  of  trees  represented  by  this  record  on  the  plot 

D.b.h. 

Height^ 

Live  crown  percentage^ 

Radial  increment  and  bark  thickness  at  b.h.^ 

ylj,i   Management  class 

s  ii! 

ree ^A.    K.    Wilson.    Yield    and   productivity   problems    in    Rocky  Mountain   States    invcn- 
ries .      Intermt.    For.    and    Range   Exp.    Stn.,    Ogden,    Utah.       fin   preparation.) 

^Can  be   included   as   a   subsample. 
^Can  be  omitted   or   included   as   a   subsample. 



COMPONENT  MODELS 

Full  implementation  of  this  prognosis  algorithm  requires  three  kinds  of  models  fc 

Development  of  individual  trees 

Development  of  regeneration  stands  including  ingrowth  into  existing  stands 

Transition  from  regeneration  phase  to  individual  tree  phase 

Only  the  model  for  the  first  of  these  three  processes  is  described  in  this  paper.   The 
latter  two  processes  will  require  some  additional  silvicultural  research  before  genere 
models  can  be  derived.   Growth  functions  should  be  based  on  data  derived  from  the  area 

to  which  the  model  is  to  be  applied.   The  self-calibration  feature  of  this  model  only 
partially  mitigates  this  admonition. 

Models  for  Development  of  Individual  Trees  ̂  

The  growth  model  for  saplings  and  larger  trees  is  a  set  of  functions  that  predid 
the  rate  of  increase  of  tree  d.b.h.,  the  rate  of  increase  in  tree  height,  the  change 

in  crown  dimensions,  and  the  change  in  bark  thickness.  The  change  in  number  of  trees 
per  acre  represented  by  each  sample  tree  is  based  on  a  function  estimating  the 
mortality  probability. 

The  nature  of  the  variables  that  should  be  included  in  the  growth  functions  is 

controlled  by  the  purposes  for  which  the  prognoses  are  to  be  used.   For  exan^le,  if 

the  only  course  of  development  to  be  modeled  is  the  unmanaged  trends  of  natural  stand  ̂ 
without  catastrophic  disturbance,  then  a  variable  representing  past  growth  rate  would 
be  a  very  effective  predictor  of  succeeding  growth  rates.   It  would  include  most  of 

'^The  logic  of  the  program  provides  for  distinct  functions  for  11  different 
species  or  species  groups.  To  increase  the  number  of  species  would  not  be  particu- 

larly difficult. 



the  effects  of  site,  stand  density,  individual  tree  vigor,  and  more.   But  if  we  wished 

to  model  the  effects  of  thinning  or  partial  cutting,  then  the  proj.moses  would  be 
inadequate  because  the  changes  in  stand  density  would  not  be  reflected  in  changes  in 
growth  rates.   The  past  growth  variable  would  be  an  alias  for  stand  density  effects. 

Similar  difficulties  could  arise  from  the  combination  of  age  and  size  in  the  predic- 
tion because  size  divided  by  age  is,  in  effect,  a  measure  of  past  growtli. 

Tlie  key  growth  function  predicts  the  rate  of  increase  of  tree  d.li.h.   The  depen- 
dent variable  is  the  logarithm  of  the  annual  increase  in  the  square  of  d.b.h.  in 

inches;  thus,  this  variable  is  equivalent  to  the  logarithm  of  the  basal  area  increase. 
Basal  area  was  selected  because  its  increase  is  most  frequently  linear  with  time.   Tliis 
linearity  facilitates  projection  for  intervals  different  from  the  growth  interval  over 
which  the  parameters  of  the  model  were  estimated.   If  basal  area  increase  is  measured 
without  bark,  then  the  ratio  of  basal  area  outside  bark  to  basal  area  inside  bark  is 
used  to  convert  the  increment  to  outside-bark  measure. 

The  logarithmic  transformation  is  used  here  for  two  reasons:   First,  diameter 
growth  rate  distributions  are  bounded  by  zero  at  the  lower  end  (ignoring  the  effects 
of  bark  sloughing)  and  so  tend  to  be  quite  skewed;  hence,  the  arithmetic  mean  is  an 
inefficient  estimator.   Second,  the  variability  of  diameter  growth  rates  about  their 
mean  tends  to  increase  as  the  mean  increases.   The  logarithmic  transformation  in  most 
cases  has  resulted  in  a  uniform  variance.   The  method  of  Oldham  (19651  is  usci.1  to 
estimate  the  arithmetic  mean  of  the  diameter  growth  from  the  logarithmic  model.   A 
further  refinement  developed  by  Bradu  and  Mundlak  (19701  was  considered  unnecessary 
because  the  standard  errors  of  estimate  are  usually  small  enough  that  the  differences 

{(('between  the  two  methods  are  trivial. 

!     Predictor  variables  that  are  available  include  the  site  and  tree  cliaracters  listed 

previously.   Additional  variables  that  measure  stocking  or  relative  stand  density  such 
as  crown  competition  factor,  basal  area,  or  stand  density  index  can  be  computed  from 

the  distribution  of  the  tree  diameters.   Variables  that  measure  the  competitive  rela- 
tions between  trees  in  the  stand  include  the  percentile  in  the  basal  area  distribution 

3r  the  ratio  of  tree  d.b.h.  to  mean  stand  diameter  (Appendix  I).   In  addition,  predic- 
tions for  rates  computed  earlier  in  the  sequence  of  calculations  can  be  used  as 

bredictors.   These  models  are  summarized  as  follows: 

vee  growth  aomponents 

\nnual  basal  area 

-ncrement  (b.a.i.) 

leight  increment 

rown  dimensions 

:|fark  ratio 

(lortality  rates 

Predictor  varial:>les 

D.b.h.,  relative  stand  density, 
site,  elevation,  habitat  t>T)e , 

percentile  in  basal  area 
distribution,  crown  ratio 

Radial  increment,  habitat 

type,  d.b.h.,  height 

Relative  density,  percentile 
in  basal  area  distribution, 
d.b.h. 

Same  as  b.a.i. 

Same  as  b.a.i.  and  radial 

increment  plus  pest  popula- 
tion models  where  applicable 

:u- 

Data  source 

Increment  cores, 

remeasured  plots 

Stem  analyses 

Temporary  plots 

Temporary  plots  or 
tree  samy^les 

Remeasured  plots, 
"last  n   years 

mortality",  "years 

since  death" (truncatedl 



Procedures  for  estimating  the  functional  forms  and  their  coefficients  are  readily 
available  in  many  texts  on  multiple  linear  or  nonlinear  regression  for  models  with 

continuous  dependent  variables  such  as  height  and  diameter  increment,  and  for  crown 
and  bark  dimensions. 

The  mortality  models  require  rather  different  statistical  techniques.   One  possib 
mortality  model  and  an  estimation  procedure  developed  especially  for  that  model  have 
been  described  by  Hamilton  [in  preparation).   Examples  of  how  these  models  might  be 
formulated  are  illustrated  in  a  later  section  where  the  implementation  of  this  prognos 
procedure  is  described  for  lodgepole  pine. 

Self-Calibration  of  Diameter  Growth  Functions 

The  self-calibration  feature  is  intended  to  scale  the  diameter  growth  functions 
that  are  contained  in  the  program  so  that  the  predictions  match  the  actual  growth  rate 
measured  on  the  trees  in  the  stand  to  be  modeled.   First,  the  stand  stocking  that 

existed  at  the  start  of  the  period  during  which  growth  was  recorded  is  estimated.   To 

do  this,  the  average  basal  area  growth  percentage  is  calculated  for  the  growth-sample 
trees  of  each  species.  Then,  the  current  sum  of  diameters-squared  is  reduced  by 
subtracting  the  product  of  present  basal  area  times  the  mean  ratio  of  past  basal  area 

increment  to  basal  area  derived  from  the  growth-sample  trees.   The  sum  of  diameters 
is  similarly  reduced  using  the  square  root  of  the  ratio.  Then,  the  stocking  at  the 
start  of  the  period  is  computed  from  the  number  of  trees,  and  the  reduced  sums  of 
diameters  and  of  their  squares.  Trees  removed  or  dying  during  the  calibration  period 
are  included  in  the  prior  stocking  with  no  growth  adjustment.   All  other  stand 
parameters  are  assumed  to  have  remained  constant. 

Deviations  between  predicted  and  recorded  growth  rates  (scaled  in  units  of  the 
logarithm  of  change  in  the  square  of  diameter)  are  then  sorted  and  the  median  deviatio 

calculated.   The  value  of  the  median  is  subtracted  from  the  constant  term  of  the  loga- 
rithmic growth  function  to  calibrate  it.   Thus,  the  effect  is  to  multiply  each 

prediction  by  a  correction  factor. 

The  median  was  selected  as  the  location  parameter  for  the  adjustment  rather  than 
the  mean  because  it  is  less  likely  to  be  influenced  by  occasional  outliers  due  to 
measurement  errors  or  abnormalities  of  growth  (Barrodale  1968;  Forsythe  1972) . 

10 



STOCHASTIC  FEATURES 

Random  variation  about  a  statistical  mean  is  a  characteristic  of  all  growth 
phenomena.   In  modeling  procedures,  the  primary  objective  is  to  produce  estimates  of 
future  yields  that  are  the  expectations  of  the  overall  stand  growth  process.   Tlie 
approach  that  is  generally  used  is  to  assign  a  random  error  drawn  from  an  appropriate 
distribution  to  each  prediction. 

The  nature  of  the  distribution  of  the  random  component  depends  intimately  upon 

{the  resolution  of  the  estimation  function  with  which  the  random  variable  is  associ- 
ated.  In  addition,  the  self-calibrating  feature  of  this  prognosis  program  influences 

the  distribution  of  the  unexplained  variation  that  is  to  be  represented  by  the  random 
variable.   For  example,  in  the  function  for  diameter  change,  there  are  variables  that 
change  from  tree  to  tree,  other  variables  change  from  period  to  period  for  the  same 
olot,  and  a  few  variables  that  quantify  unchanging  characteristics  of  the  stand  such 
as  site,  elevation,  or  habitat.   Consequently,  the  unex]3lained  variation  about  the 
regression  surface  will  have  three  components:  among  trees,  among  periods,  and  among 

stands.   The  self-calibration  procedure  serves  to  remove  the  "among  stand"  component 
)f  the  residual  variation,  leaving  the  other  two  components  to  be  represented  by  the 
listribution  of  the  random  variable. 

]    To  appreciate  the  effect  of  resolution  of  the  estimation  function  on  the  distribu- 
:ion  of  the  random  variable,  consider  two  functions  for  diameter  changes  that  differ 
mly  by  including  or  excluding  a  variable  that  evaluates  a  significant  effect  of  crown 

levelopment.   Crown  development  changes  slowly  with  time;  therefore,  as  an  exjilanatory 

'ariable  it  has  a  high  serial  correlation  from  period  to  period  for  a  single  tree.   A 
;tand-growth  model  could  use  either  function  (assuming  the  simulation  is  not  intended 

0  compare  pruning  alternatives).   However,  if  the  function  without  the  cro\\m  develop- 
lent  variable  were  used,  the  variance  of  the  random  variable  would  have  to  be  larger, 

ind  the  serial  correlation  between  the  random  variables  assigned  to  each  tree  in 
uccessive  periods  would  need  to  be  larger  than  if  the  crown  variable  were  included. 

IJither  alternative  could  be  used  to  generate  a  stand  simulation  with  the  same  cxjiected 

■alues  as  long  as  the  stand  progresses  in  a  way  that  does  not  modify  the  natural 
orrelations  between  stand  density  and  crown  development.  Tlie  difference  in  results 
etween  the  two  alternative  formulations  would  show  up  only  in  the  variability  of 
epeated  runs  of  the  prognosis.   The  lower  the  resolution  of  the  components,  the 
greater  would  be  the  variability  ajuong  repeated  runs. 
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Which  predictions  should  be  subject  to  a  random  component  and  which  can  be  held 
to  their  mean  estimate  is  a  choice  that  depends  on  the  nonlinearity  of  the  effects  of 
variation  in  subsequent  calculations.   If  assessing  the  variability  of  the  outcome 

per  se   were  one  of  the  objectives  of  the  modeling,  then  most  of  the  prediction  equation 
would  require  a  random  component.   To  obtain  the  expected  value  of  the  random  process, 
the  whole  sequence  of  computations  would  be  repeated  with  different  random  errors  and 
the  process  averaged  over  the  replications.  One  of  the  drawbacks  to  this  approach  is 
that  the  volume  of  computations  is  very  large  if  it  is  applied  to  the  solution  of  all 

prediction  equations  that  make  up  the  overall  model.  Another  drawback  is  that  little 
is  known  of  the  serial  correlation  that  ought  to  characterize  the  successive  values  of 

the  random  variables.  Are  large  positive  deviations  from  expected  diameter  increment 
more  likely  to  be  associated  with  large  positive  deviations  from  expected  height 

increment--or  with  expected  changes  in  crown  dimensions? 

The  approach  used  in  the  present  version  of  this  program  may  be  considered  in 

Monte  Carlo  terms,  a  "swindle."  The  purpose  is  to  produce  a  prognosis  that  overall  is 
the  result  of  averaging  many  replications  of  the  random  process  without  actually  having 
to  carry  out  the  replications. 

Random  Error  in  Tree  Development 

The  program  assigns  all  random  effects  to  the  distribution  of  errors  of  prediction 
of  the  logarithm  of  basal  area  increment.   Basal  area  increment  was  selected  to  carry 
the  stochastic  variation  because  the  effects  of  differing  diameter  growth  rates  ramify 

in  highly  nonlinear  ways  through  most  of  the  remaining  components  and  variables  such  as 
percentile  in  the  basal  area  distribution,  relative  stocking,  the  height  increment 
model,  and  the  crown  development  model.  This  distribution  is  assumed  to  be  Normal, 
with  a  mean  of  zero.   The  variance  of  this  Normal  Distribution  is  computed  as  a 
weighted  average  of  two  estimates;  the  first  such  estimate  is  derived  from  the 

regression  analysis  that  developed  the  prediction  function  and  the  second  estimate  is 

the  standard  deviation  of  the  differences  between  the  actually  recorded  growth  (trans- 
formed to  the  logarithm  of  basal  area  increment)  for  the  sample  trees  in  the  population 

and  their  corresponding  regression  estimates.  The  weights  assigned  to  these  two  esti- 
mates are  100  for  the  prior  component  of  error,  and  the  number  of  growth-sample  trees 

in  the  stand  for  the  second  component  of  error  (Mehta  1972) . 

The  effects  of  modifying  the  predicted  change  in  tree  d.b.h.  by  a  random  variable 
can  then  be  carried  into  other  predicted  changes  in  tree  characteristics  by  using  the 
change  in  d.b.h.  as  an  independent  variable  in  each  successive  model.  The  random 
variable  associated  with  each  tree  record  is  saved  until  the  following  cycle  so  that 

the  appropriate  serial  correlation  can  be  preserved  in  the  distribution  of  the  random 
variables . 

The  random  component  of  change  in  tree  d.b.h.  is  treated  in  two  ways,  depending  or 

how  many  tree-records-  make  up  the  stand  being  projected.   IVhen  there  are  many  tree 
records,  the  effects  of  any  one  random  deviation  on  the  growth  rate  of  one  tree  would 
be  blended  with  many  other  trees.   Consequently,  the  stand  totals  should  be  quite 
stable  estimates.   Accordingly,  a  random  deviate  from  the  specified  distribution  is 
added  to  the  logarithm  of  basal  area  increment.   Because  of  the  logarithmic 

transformation,  the  effect  on  predicted  diameter  increment  is  multiplicative. 

IVhen  the  stand  is  represented  by  relatively  few  sample  trees,  however,  a  differen' 
strategy  is  used.   In  order  to  increase  the  number  of  replications  of  the  random  effec"' 
each  tree  record  is  augmented  by  two  additional  records.  These  new  records  duplicate 
all  characteristics  of  the  tree  except  the  predicted  change  in  d.b.h.  and  the  number  o 

trees  per  acre  represented  by  the  source  tree  record.   The  trees-per-acre  value  of  then 
source  record  is  reduced  to  60  percent  of  its  current  value.   The  two  new  records  are 
given  15  and  25  percent  of  the  source  value;  thus,  the  three  records  together  still 
represent  the  same  number  of  trees  per  acre. 
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NORMALIZED   DEVIATIONS    FROM    PREDICTIONS 

Figure  2. --Location  of  prediction  points  for  tliree  fractions  of  Normal  Distribution 

Each  of  these  three  records  is  associated  witn  one  of  the  three  portions  oi'   the 
,  ierror  distribution  characterizing  the  deviations  about  prediction  (fig.  2).   The  first 

'  {record  representing  the  60  percent  cf  the  population  (approximately  tlie  center  of  the 
jdistribution)  is  given  a  prediction  to  which  is  added  the  average  value  of  the 

^  .  jdeviations  in  that  portion  of  the  normal  distribution.   This  "biased"  point  is 
[indicated  by  A  in  figure  2.   The  second  record  representing  the  upper  25  percent  of 
the  error  distribution  is  given  a  prediction  corresponding  to  point  B,  and  likewise, 
;the  record  for  the  lower  15  percent  is  given  a  prediction  corresponding  to  point  C. 

|3y  this  method,  the  weighted  average  prediction  for  the  three  records  is  still  un'niased. 

Which  of  these  two  procedures  is  followed  is  controlled  by  whether  the  number  of 
:ree  records  is  greater  than  1,3  50.  Hence,  a  stand  described  by  150  tree  records  at  the 

start  would  go  through  two  projection  cycles  using  the  record-tripling  approach  !)eforc 
switching  to  the  use  of  a  single  random  deviate  for  each  record. 

Mortality 

Random  fluctuations  in  mortality  are  notorious  problem.s  in  .-inalyzing  forest  growth. 
fJnfortunatelv,  our  records  that  could  be  used  to  assess  the  distribution  of  the  random 

fj^ariable  for  mortality  are  barely  adequate  to  estimate  in\   average  mortality  rale.   The 
variability  of  mortality  rates  through  time,  in  response  to  fluctuations  in  climatic 
stress,  extreme  winds,  and  otlier  destructive  agents  is  currently  unavailable.   Later 

versions  of  stand  growth  prognosis  programs  will,  we  hope,  be  able  to  assess  t!ie  effects 
!if  the  stochastic  nature  of  mortality. 
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IMPLEMENTATION  OF 
THE  MODEL  FOR  LODGEPOLE  PINE 

Lodgepole  pine  was  the  first  forest  type  for  which  this  growth  prognosis  model  was 
implemented.   This  species  was  selected  because  it  characteristically  grows  in  pure, 
even-aged  stands  so  that  the  development  of  the  necessary  component  models  would  be 
simpler  than  would  be  the  case  for  mixed  stands.   Data  on  diameter-growth  rates  were 
available  for  a  wide  range  of  stand  densities  from  studies  installed  as  part  of  the 

Intermountain  Station's  silvicultural  research  on  lodgepole  pine.   In  addition,  many 
lodgepole  pine  stands  had  been  sampled  in  the  course  of  the  normal  timber  management 
planning  inventories  conducted  by  the  Northern  Region.   Interregional  site  curves  that 
include  adjustments  for  stand  density  had  been  recently  derived  for  this  species 
(Alexander,  Tackle,  and  Dahms  1967) .   In  addition,  a  stand  density  study  of  lodgepole 

pine  with  very  detailed  data  on  crown  development  was  also  in  progress  in  the  silvi- 
cultural research  project  of  the  Pacific  Northwest  Station,  Bend,  Oregon  (Dahms  1967). 

Lodgepole  pine  is  not  a  particularly  good  forest  type  to  demonstrate  the  full  utility 
of  the  approach  used  in  this  growth  prognosis  program.   Stand  growth  models  such  as 
developed  for  this  species  by  Myers  (1967)  at  the  Rocky  Mountain  Station  would  be  ade- 

quate for  most  purposes.  However,  stand  growth  models  do  not  seem  to  be  adequate  for 

forest  types  of  highly  variable  species  composition  or  highly  variable  age  class  compo- 
sition. Nor  do  stand  growth  models  offer  as  much  flexibility  for  comparing  alternative 

silvicultural  prescriptions  as  is  possible  with  models  treating  individual  tree  records. 
Also,  though  the  procedure  may  be  overly  detailed  for  a  simple  type  such  as  lodgepole 
pine,  the  purposes  for  which  this  model  has  been  developed  would  best  be  met  by  a 
unified  approach  applicable  to  all  species  and  types. 
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Diameter  Change  Model 

The  data  for  estimating  the  change  in  d.b.h.  are  derived  from  three  sources:   Tiie 

levels-of-growing-stock  studies  established  in  1957  by  David  Tackle,  fomierly  of  Inter- 
mountain  Station;  the  permanent  sample  plots  established  for  manai^cment  planning 
inventory  on  the  Helena,  Beaverhead,  and  Bitterroot  National  Forests;  and  the  levels 
of  growing  stock  studies  established  by  the  Pacific  Northwest  Station  in  the  vicinity 

of  Bend,  Oregon.   The  steps  followed  in  developing  this  model  are  described  elsev^/here.  ̂  
The  model  is  given  by  the  following  expression: 

DG   =  /mP~Tl)DS   -    DBH 

where: 

DDS     =  BKR' PINT' exp(-l .669 SS    +  0.4143  In (57)  -  0.004388  EL   -    0.3781  IniCCF) 

+  0.4879  ln(C/?)  +  0.9948  In(DBH)    +  0.006141  (PCT) 

SI  =   Site  index  (Alexander,  Tackle,  and  Dahms  1967) 

EL  -   Elevation  in  100 's  of  feet 

CCF  =   Crown  competition  factor 

CR     =   Crown  ratio  (0,0  <CR   <  1.0) 

DBH   =  Diameter  at  4.5  feet,  in  inches  (o.b.) 

PCT  =   Percentile  in  basal  area  distribution  (see  Appendix  1) 

BKR  =   Bark  ratio  =  (1^)^ 

FIPJT  =   Projection  interval  in  years 

exp(/l)  =  Exponential  function  of  A 

ln(-4)   =  Natural  logarithm  of  A. 

Equation  for  Predicting  Height  Increment 

The  data  necessary  to  predict  height  increment  from  stand  density,  crown  ratio, 
jiiameter  increment,  etc.,  were  derived  from  data  collected  by  destructive  sampling  in 

^^  |lhe  course  of  management  planning  inventories.   Trees  to  be  felled  were  selected  by 
first  drawing  a  random  sample  of  the  inventory  locations  that  liave  been  measured.   At 

'')■  i|ach  location  a  subsample  of  the  trees  was  then  drawn  so  that  ultimately  the  trees  were 
■^i  felected  with  probability  proportional  to  their  basal  area.   In  addition  to  the  stand 
'  jharacteristics  described  by  the  standard  management  planning  inventory  location  data, 
w  ihe  radial  increment  is  measured  on  two  radii  of  a  trunk  section  at  breast  height, 
foi 

of* 
atif 
coi^ 

i    ̂ Dennis  M.  Cole  and  Albert  R.  Stage.   Tntermt.  I'or.  and  Range  Exp.  Stn., 
pscow,  Idaho.   (Ms.  in  preparation.) 

15 



Then  by  using  whorl  counts,  the  height  growth  of  the  last  10  years  is  determined  on 
the  felled  tree.   From  these  data  the  following  model  is  developed: 

IniHTGF)    =  oii  +    ̂ 2^  ln(_DG+0.05)    +  a^^   In(OTff)  +  Ci^^  \r\{HT) 

where: 

HTGF     =   Periodic  height  increment  in  feet 

c-,.   =   Regression  coefficients  for  the  tth  species 

HT  =   Tree  height  in  feet 

DBH  =   Diameter  at  4.5  feet,  in  inches 

DG   =  Periodic  diameter  increment  in  inches. 

Model  for  Crown  Ratio  Development 

The  model  used  to  predict  changes  in  crown  dimensions  is  based  on  the  rate  at 
which  the  base  of  the  live  crown  recedes  which  is  expressed  as  a  function  of  the  heigh 
increment  and  the  current  level  of  stand  density.    For  stands  in  which  the  crown 
competition  factor  is  less  than  125,  the  rate  at  which  the  crown  recedes  is  specified 

to  be  equal  to  one-fifth  of  the  increase  in  height  for  the  tree.   For  stands  having  a 
crown  competition  factor  greater  than  125,  the  crown  is  specified  to  recede  at  a  rate 
of  0.61  times  the  height  increment  rate. 

i 

A  different  model  is  used  for  trees  for  which  no  crown  measurement  was  obtained. 

Under  this  alternative  the  height  to  the  base  of  the  live  crown  is  predicted  as  a 

function  of  tree  height,  tree  diameter,  the  relative  position  in  the  diameter  distri- 
bution at  the  start  of  the  prognosis,  crown  competition  factor;  and  habitat  tyjie . 

This  function  is: 

HCB   =  -29.26  +  0.61  HT   +   9.178  ln(_CCF)    -  0.222  EL   -    5.80  DBH/RMSQD   +  HAB 

where  the  variables  are  as  defined  previously  with: 

EMSQD  -   Diameter  of  the  tree  of  mean  basal  area  in  inches 

HAB 

0.0  for  Abies/Xerophyllum  habitat 

-4.24  for  Abies/Vaccinium  habitat 

-3.86  for  Abies/Pachistima  habitat 

-5.47  for  Pseudotsuga/Calamagrostis  habitat 

Models  for  Mortality 

Two  alternative  models  for  mortality  rates  were  developed  for  lodgepole  pine 
stands.   One  of  these  is  based  on  the  mortality  study  of  Lee  (1971).   The  other  model 
is  based  on  the  dynamic  relation  between  a  population  of  mountain  pine  beetle 

(Dendroctonus  ponderosae   Hopk.)  and  the  developing  stand  of  lodgepole  pine.   The  model 

for  beetle-induced  mortality  was  developed  in  cooperation  with,  and  using  data  from 
studies  by  Walter  E.  Cole  and  Gene  D.  Amman,  on  file  at  Intermountain  Station,  Ogden. 
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Endemic  Mortality 

Mortality  rates  were  derived  by  Lee  from  yield  tables  for  Alberta  and  verified 

by  him  using  data  from  remeasured  sample  plots.   Judging  by  the  nature  of  tlicir  source, 
his  rates  are  presumed  to  apply  to  the  development  of  stands  in  the  absence  of  mountain 

pine  beetle.   Overall  rates  are  highest  in  stands  composed  of  small-diameter  trees.  Tlie 
rates  decline  with  increasing  mean  d.b.h.,  reach  a  minimum  at  10.6  inches,  and  then 
begin  increasing.   The  rates  are  independent  of  stand  density. 

In  order  to  distribute  the  mortality  rates  over  the  range  of  diameters  within  the 

stand,  Lee's  rates  were  multiplied  by  a  factor  that  depends  on  the  ])ercentile  of  the 
tree  within  the  basal  area  distribution.   The  factor  used  was: 

[0.25  +  1.5  (1.  -  PCT/100.)] 

where  PCT   is  the  percentile  computed  by  the  subroutine  PCTILE  which  is  described  in 
Appendix  I. 

The  effect  of  this  factor  is  to  give  the  lowest  mortality  rate  to  the  tree  of 
maximum  d.b.h.  in  the  stand,  and  to  give  the  smaller  trees  a  rate  that  increases  as  the 
percentile  declines.   The  maximum  rate  for  the  smallest  tree  in  the  stand  would  be  1.75 
times  the  average  rate  for  the  stand.   The  effect  of  introducing  the  PCT   variable  is  to 
distribute  the  mortality  more  heavily  among  the  smaller  trees  in  the  stand.   Lee 
observed  that  the  mean  diameter  of  mortality  trees  was  2  inches  less  than  the  stand 
overall  mean  diameter,  and  that  the  distribution  of  the  mortality  appeared  to  follow 
the  normal  Gaussian  distribution.   Accordingly,  he  calculated  the  number  of  trees 
expected  to  die  by  diameter  classes  from  the  normal  distribution.   However,  in  his 
procedure  there  would  be  no  explicit  relation  to  the  number  of  trees  actually  in  the 
class  in  a  particular  sample  of  the  stand.   The  procedure  using  PCT   provides  an 
explicit  estimate  of  the  mortality  rate  for  each  tree  record,  thus  overcoming  the 

difficulty  in  Lee's  procedure. 
i 

\Beetle-Induoed  Mortality 

Mountain  pine  beetle  infestations  are  a  major  cause  of  the  disintegration  of 
I  lodgepole  pine  stands.   The  severity  of  losses  depends  on  the  ecological  habitat  t^n^o 

I  and  elevation  (Roe  and  Amman  1970].   The  probability  with  which  a  severe  beetle  out- 
libreak  occurs  is  as  yet  unknown.   However,  one  of  the  antecedent  conditions  of  an 
[outbreak  is  that  the  stand  must  contain  some  trees  larger  than  12  inches  d.b.h. 

Within  a  stand,  the  emerging  beetles  attack  trees  with  higher  probability  if  the  tree 
„  is  in  the  upper  end  of  the  diameter  distribution.   In  turn,  the  attack  density  (entrance 
holes  per  square  foot  of  bole  area)  is  higher  on  the  larger,  thicker  barked  trees 
(Safranyik  and  Vithayasai  1971) . 

The  size  of  the  emerging  population  depends  on  two  dominating  factors:  the  density 

of  attack,  and  the  thickness  of  the  phloem  T^ithin  which  the  larvae  feed  and  pupate 
(Amman  1969).   Phloem  thickness  is  directly  related  to  radial  growth.   The  cjuanti tati vc 

relation  of  phloem  to  radial  growth  was  established  by  the  work  of  [).  M.  Cole^  in  the 
research  work  unit  studying  the  silviculture  of  lodgepole  pine. 

) 

Relative    losses    of  beetles    during    flight    are  highest   when   tlie   pojMilation   density 
is  highest   and  when   the  population    is    in    the   declining   stages   of  an   outbreak. 

\c\ 

^Dennis  M.  Cole.   Phloem  thickness  relationsliip  in  lodgepole  pine  trees.   Tntcrmt 
For.  and  Range  Exp.  Stn.   (In  preparation.) 
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(1)   COMPUTE  TREE  CHARACTERS: 

PHLOEM  THICKNESS  PO(I)  =  fp  (DOS,  DBH) 

SURFACE  AREA  >  6  INCHES  DOB  =  SURF(I)  =  f,  (TOTAL  VOLUME,  SURFACE,  LENGTH) 

ATTACK  PROBABILITY  ATP(I)  =  f^  (TREES/ACRE,  ELEVATION,  PCTILE) 

BARK  THICKNESS  BT(I)  =  f(,  (DBH,  HT) 

ATTACK  DENSITY  OTD(I)  =  i^  (BARK  THICKNESS) 

START  OF  ANNUAL  LOOP 

NO 

(3)   COMPUTE  INITIAL  POPULATION  EMERGING 

FROM  TREE  fOUND  AT  (2)  (STP) 

(4)   COMPUTE  POTENTIAL  FOR  STAND  TO  ABSORB  BEETLES  =  POP  =  S  (ATTACK  PROBABILITY) 
•(ATTACK  DENSITY)MSURFACE  AREAtMNUMBER  OF  TREES) 

(5)   SCALE  ATTACK  PROBABILITY  TO  USE  ALL  AVAILABLE  BEETLES 

ATP(I)  =  ATP(l)-STP/POP 

(6)   ACCUMULATE  BEETLE-KILLED  TREES.  WK(I)  =  (TREES/ACRE).ATP(I) 
REDUCE  TREES/ACRE  BY  WK(I) 

(7)   COMPUTE  NUMBER  OF  EMERGING  FEMALES  PER  SO.  FT   EMER  =  f^  (PHLOEM  DEPTH, 
SEX  RATIO,  ATTACK  DENSITY,  ELEVATION) 

(8)   ACCUMULATE  TOTAL  NUMBER  OF  FEMALES:  STP  =  S  EMER.SURF(I)-WK(I) 

NO 

(10)    REDUCE  POPULATION  FOR  FLIGHT  MORTALITY 

NO YES 

(13)   COMPUTE  NORMAL  MORTALITY  RATE  FOR  ALL 

TREE  RECORDS  USING  REDUCED  STAND  PARAMETERS 

RETURN  TO  STAND  PROGNOSIS  MODEL 

Figupe  2. --Logic  flow  of  subroutine  for  mountain  pine  beetle  impact. 

18 



Rates  for  the  various  stages  and  aspects  of  the  beetle  jiopulation  were  estimated 
by  Cole  and  Amman  (1969)  from  historical  records  of  beetle  outbreaks.   It  remained 
only  to  combine  these  data  with  the  model  for  the  development  of  the  tree  population 
to  generate  a  synthesis  of  the  interaction  of  the  pest  and  its  host. 

The  logic  of  this  mortality  model  is  diagramed  in  figure  3.   The  cycle  for  the 
beetle  population  is  1  year  in  length.   Annual  tree  mortality  is  deducted  for  eacli 
annual  cycle.   However,  the  other  features  of  the  trees  are  changed  only  at  the  end  of 
the  longer  tree  prognosis  cycle. 

A  report  being  prepared  by  W.  F,.  Cole  and  A.  R.  Stage^  will  provide  more  detail 
about  the  mountain  pine  beetle  population  model. 

''W.  E.  Cole  and  A.  R.  Stage.   Intermt.  For.  and  Range  Fxp .  Stn.,  Ogden,  Utah, 
[Ms.  in  preparation.) 
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PROGRAM  ORGANIZATION 
AND  LOGIC  SEQUENCES 

The  growth  prognosis  program  is  organized  as  an  interrelated  set  of  subroutines 
executed  under  the  control  of  a  very  brief  main  program.  The  first  few  subroutines 
serve  to  read  in  the  control  information,  to  set  up  the  sampling  probabilities  for  the 
trees  and  plots  (NOTRE,  see  Appendix  III),  to  fill  in  missing  data  (CRATET) ,  and  to 
calibrate  the  various  growth  projection  functions  (DGCALP) ,   Once  this  initial  house- 

keeping has  been  accomplished,  the  program  proceeds  to  cycle  through  the  projection 
intervals.   The  first  major  subroutine  called  within  the  projection  cycle  is  TREGRO. 
The  purpose  of  this  subroutine  is  to  monitor  the  growth  of  individual  tree  records,  to 
bring  in  the  aspects  of  random  variation  in  diameter  growth  rates  and  to  deplete  the 
stand  through  the  expected  mortality  and  harvest.   To  accomplish  this  task  four  lower 
level  subroutines  are  utilized:   DGF  calculates  the  diameter  increments  for  each  tree 

record;  MORTS  decreases  the  number  of  trees  per  acre  represented  by  each  tree  record 
for  its  expected  mortality;  HTGF  calculates  height  increment  and  crown  changes;  and  CUTS 
contains  the  logic  for  selecting  trees  to  be  harvested  for  the  management  regime  pro- 

posed for  the  stand.   The  next  major  subroutine  to  be  called  is  STAND,  a  subroutine  that 
summarizes  the  total  stand  attributes  implied  by  the  new  tree  records.  This  summary 
includes  the  number  of  trees  per  acre  and  their  distribution  by  tree  d.b.h.,  the  volume 
characteristics  of  the  total  stand  as  summarized  by  the  primary  units  of  volume  in 
cubic  feet,  surface  area  of  the  boles  in  square  feet,  and  the  accumulated  total  tree 

height.   In  addition,  the  total  cubic  foot  volume  representing  the  accretion  on  the  ini- 
tial tree  population  and  the  total  cubic  foot  volume  represented  by  the  mortality  are 

also  summarized  and  their  distributions  shown  by  percentile  of  the  diameter  distribu- 
tion. Also  at  this  point  in  the  computation  cycle,  predictions  of  stand  growth  expressed 

by  growth  projection  formulae  for  the  stand  as  a  whole  would  be  applied.  However,  at 
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the  present  time  this  aspect  of  the  projection  logic  has  not  been  implemented.  When 

the  stand  computations  have  been  completed,  a  subroutine  MERGE  i-^  called  to  merge  the 
stand  projections  with  the  tree  projections  and  to  provide  any  feedback  of  information 

that  would  indicate  a  need  to  modify  the  individual  tree  growth  projection  functions 
or,  alternatively,  the  stand  growth  projection  functions.  The  final  subroutine  in 

the  projection  cycle  is  DISPLY  that  serves  to  bring  out  the  displays  of  the  growth 
prognosis  and  to  accumulate  the  information  on  growth  that  is  to  be  used  as  subsequent 
input  to  harvest  scheduling  algorithms.  This  completes  the  projection  cycle  and  the 
flow  of  control  in  the  program  returns  to  TREGRO  to  start  a  new  growth  projection 
cycle.  When  all  projection  cycles  for  this  management  alternative  have  been  completed, 
a  new  management  alternative  is  introduced  for  the  same  stand  and  a  new  projection 
is  started. 

If  the  course  of  stand  development  and  thinning  schedule  would  be  the  same  for 
several  periods  under  more  than  one  management  regime,  then  the  program  would  save  the 
redundant  calculations  by  starting  the  subsequent  prognoses  from  the  point  where  the 
regimes  depart  from  one  another.    In  turn  when  all  of  the  management  alternatives  have 
been  completed  a  new  stand  is  introduced  and  the  whole  process  is  repeated. 

In  addition  to  these  principal  subroutines  that  contain  the  logic  of  the  growth 
prognosis  itself,  there  are  numerous  special  subroutines  which  merely  handle  repetitive 
calculations  such  as  sorting,  ordering  the  data  according  to  various  attributes, 

determining  percentile  in  the  distribution  of  those  attributes,  and  related  computa- 
tional details.   Copies  of  the  FORTRAN  IV  computer  program  and  additional  documentation 

can  be  obtained  from  the  author: 

Albert  R.  Stage 

Forestry  Sciences  Laboratory 
1221  South  Main 

Moscow,  Idaho  83843 
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APPENDIX  I 

Field  Plot  and  Computation  Procedures  for  Describing 

Competitive  Status  of  Growth-Sample  Trees 

Many  of  the  growth  functions  that  have  been  useful  for  predicting  the  growth  rate 
of  an  individual  tree  include  variables  that  describe  the  competitive  status  of  the 
subject  tree  relative  to  the  surrounding  trees  that  make  up  the  forest  stand.   Some  of 

these  methods  require  that  the  map-wise  relations  between  trees  be  recorded  in  order 
to  compute  the  measure  of  competition  (Bella  1971) .   Others  might  be  as  simple  as  a 
variable  defined  by  the  ratio  of  the  subject  tree  d.b.h.  to  the  root-mean-square  d.b.h. 
of  all  trees  in  the  stand.   In  my  studies  of  growth  of  grand  fir,  and  studies  with 
D.  M.  Cole,  of  Intermoiintain  Station,  on  the  growth  of  lodgepole  pine,  it  appears  that 

if  the  crown  development  of  the  subject  tree  and  its  relative  position  within  the  diam- 
eter distribution  of  the  stand  are  both  included  in  the  statistical  model,  then  there 

is  little  added  explanatory  value  to  be  derived  from  variables  calculated  from  the  map- 
wise  distribution  of  stems.  These  studies  admittedly  were  based  on  trees  growing  in 
undisturbed  stands  where  the  crowns  had  evolved  in  relation  to  local  variations  in 

stand  density.  However,  even  in  stands  where  the  equilibrium  has  been  disturbed,  there 

is  evidence  for  tree-soil  moisture  relations  that  would  permit  trees  to  benefit  from 
decreased  competition  for  moisture  in  parts  of  the  stand  farther  from  the  subject  tree 
than  is  usually  considered  in  competition  models  based  on  stem  distributions  in  space 
(Bormann  1957).   This  view  is  supported  by  the  analyses  of  subject  tree  growth  showing 
that  as  the  zone  of  competitive  influence  is  increased,  the  explanatory  power  of  the 

tree-centered  measure  of  competition  is  increased  (Opie  1968;  Lemmon  and  Schumacher  196: 

The  variables  available  in  this  prognosis  program  to  represent  the  competitive 
status  of  the  tth  sample-tree  record  in  relation  to  its  surrounding  stand  are  either: 

DBE(I)/RMSQd 

or 

PCT(I) 

where 

DBH(I)      =  Diameter  of  the  tth  tree  in  inches 

RMSQD       =   Diameter  of  the  tree  of  mean  basal  area  in  inches 

PCT(I)      =   Percentile  in  the  basal  area  distribution. 
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For  example,  PCT(I)    =   100  implies  that  the  ith   tree  is  the  tree  of  largest  diameter  in 
the  stand.  PCT(I)    =   75  would  correspond  to  the  tree  whose  position  in  the  diameter 
distribution  was  such  that  25  percent  of  the  stand  basal  area  was  in  trees  having  a 
larger  d.b.h.  than  the  ith   tree,  and  75  percent  was  in  trees  having  a  diameter  less 
than  or  equal  to  the  ith   tree.   Percentile  in  the  basal  area  distribution  has  a  very 

simple  interpretation  when  sampling  with  a  wedge  prism  or  other  single  gage.   If  8 
trees  were  found  to  qualify  at  a  point  sample,  then  a  ranking  by  diameter  would  permit 

one  to  calculate  the  percentile  simply  as  100  for  the  largest  tree,  100*7/8  =  87.5  for 

the  second  largest,  100*6/8  =  75  for  the  third  largest,  etc.   If  several  points  are 
tallied  in  the  same  stand,  the  procedure  would  be  the  same.   For  the  ith  ranked  tree, 
in  a  sample  of  N   trees,  percentile  could  be  calculated  as: 

PCT(I)=   ̂ "^  *^    •  100 

When  the  calculations  are  based  on  a  stand  table,  or  a  list  of  sample  trees  having 

varying  numbers  of  trees-per-acre  associated  with  each  tree  record,  then  two  computer 
subroutines  can  facilitate  the  computation  of  percentile.   The  first  routine,  IDSORT, 
is  a  general  sorting  program  that  indexes  an  array  of  tree  records  according  to  a 

decreasing  sequence  of  d.b.h. 's.   The  second  routine,  PCTILE,  uses  the  indices  from 
IDSORT  to  calculate  the  percentile  in  the  distribution.   These  two  routines  are  listed 
in  figure  4. 

The  use  of  these  two  routines  is  illustrated  in  the  following  segment  of  a  FORTRAN 
IV  program: 

C      N  =  NUMBER  OF  TREE  RECORDS 

C      DBH  -  ARRAY  OF  DIAMETERS  OF  SAMPLE  TREES 

C      FNO  =  ARRAY  OF  NUMBER  OF  TREES  PER  ACRE  CORRESPONDING  TO  THE  DBH 
C  ARRAY 

C      IND  =  ARRAY  OF  INDICES  INDICATING  ORDER  OF  SIZE  (DBH) 

C      BA  =  ARRAY  OF  BASAL  AREAS /ACRE 

C      PCT  =  ARRAY  OF  PERCENTILES  CORRESPONDING  TO  DBH  ARRAY 

C      TOT  =  TOTAL  STAND  BASAL  AREA 

INTEGER*2  IND 

DIMENSION  DBHCN),  FNO(N) ,  PCT(N) ,  BA(N) ,  IND(N) 

DO  1  J  =  1,N 

1  BA(J)  =  DBH (J) *DBH(J)*FNO(J)*. 0054541 

CALL  IDSORT  (N,BA,IND) 

CALL  PCTILE  (N, IND, BA, PCT, TOT) 

jPCT  and  TOT  are  assigned  values  by  PCTILE  that  can  be  utilized  along  with  other 

descriptors  of  the  tree  to  produce  data  for  building  growth  or  mortality  prediction 
jinodels  by  statistical  estimation  procedures. 
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SUBROUTINE    I OSQRT ( N.CHAR. I ND) 
C       SHELL    SORTING    ALGORITHM    PROGRAMMED    BY    ROBERT    M.    RUSSELL 

INTEGER*2    !ND(N) 
DIMENSION    CHAR(N) 
IF     {     N    .LE.    0    )     GO    TO    lOD 

DO    2    J    =    l,N 
2    IND(J)     =    J 

IF     (     N    .EQ.     I     )     GO    TO    100 
M    =    I 

20    M    =    M    +     M 
IF     (     M    .LT.     N    )     GO    TO    20 

M    =    MAXC(l,M/2    -     I     ) 
30    I     =    1 

IM     =     I     •»■    M 
AG    J    =     I 

JM    =     IM 
IHOLO    =     IND(IM) 

50    JR    =     IND(J) 
IF(    CHAR(JR»     .GT.CHARI IHOLD)     )    GO    TO    60 

IND(JM)     =    INDIJ) 
JM    =    J 

J     =     J    -     M 
IF  (  J  .GT.  0  )  GO  TO  50 

60  INO(JM)  =  IHOLD 
1=1  +  1 

IM  =  I  ■!■  M 
IF  (  IM  .LE.  N  »  GO  TO  -VO 
M  =  M/2 
IF     (     M    .GT.    0     )    GU    TO    30 

130    RETURN 
END 

SUBROUTINE    PCTILE     ( N» I ND, C HAR, PCT , TOT ) 
C  COMPUTES    PERCENTILE    WITHIN    THE    DISTRIBUTION    OF    CHAR    SUCH    THAT 

C  THE     LARGEST        INDIVIDUAL       HAS    PCT(I)     =     100. 

C  INO    =    INDEX    TO    SORTED    ORDER    OF    CHAR    FROM    SUBROUTINE    IDSORT. 
INTEGER«2    IND 
DIMENSION    INDIN) tCHARINltPCTIN) 

NMl    ̂     N    -    1 
PCT(INO(N))     =    CHAR(IND(N)» 

DO    10     I     =    1,NM1 

J     =    N-I 
PCT(IND(J)J     =    PCT (  IND( J  +  1)  )     ♦    CHAR(INDIJ)) 

10    CONTINUE 

TOT    =    PCTdNDI  1)  I 

PCTl IND( 1) )     =    TOT/100. 
IF     {     rOT     .LE.    0.0     )       RETURN 

DO    20     I     =    2,N 
PCTIINDJD)     =    PCT(  IND(  I  )  )/PCT(  INDd  )) 

20    CONTINUE 

PCT( IND( 1 ) )     =    100. 
RE  TURN 
END 

Figure   4.  —FORTRAN  IV  coding   of  IDSORT  and  PCTILE. 
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Relation  of  Size  of  Growth-Study  Plots  to  Inventory- Plot  Size 

Wlien  small  plots  (or  point-samples  with  large  basal-area  factors)  are  used  to 
sample  the  irregular  spacing  of  trees  that  characterizes  most  forest  stands,  the 

estimates  of  stand  density  show  a  wider  variation  than  would  occur  if  larger  plots 

were  used.   Grosenbaugh  and  Stover  (1957)  discuss  how  small-plot  estimates  arc 
related  to  larger,  concentric  plots  through  a  distribution  that  has  a  skewness 

that  changes  with  density.  Jaakkola  (1967)  suggests  that  the  size  of  the  sam]-)le  plot 
used  in  stand  density  studies  may  affect  the  magnitude  of  regression  coefficients 
associated  with  stand  density.   Intuitively,  there  must  be  some  optimum  plot  size 
that  depends  on  tree  size  for  explaining  the  effect  of  stand  density  on  tree  growth. 

If  so,  then  variable  plots  should  be  better  for  explaining  this  effect  than  fixed-area 
plots  if  a  wide  range  of  tree  sizes  are  to  be  sampled  with  the  same  plot  design.   In 

addition,  there  must  be  some  optimum  basal-area  factor  for  sampling  the  stand  density 
variable  in  tree  growth  studies.   Unfortunately,  it  is  also  likely  that  this  optimum 
size  will  vaiy  by  site  and  species. 

An  important  feature  of  this  growth  prognosis  algorithm  is  that  the  effect  of 

the  bias  that  may  be  present  in  any  of  the  diameter-growth  models  is  compensated  liy 
the  self-calibration  features  that  scale  the  median  and  standard  deviation  of  the 

residuals  in  relation  to  the  past  performance  of  the  stand  as  it  was  actually  sampled. 
If  a  regression  coefficient  is  too  small  in  absolute  magnitude,  then  the  residual 
variation  will  be  larger,  and  the  scaling  of  the  stochastic  multipliers  will  modify 
the  estimates  accordingly. 

Local  variation  in  stand  density  is  introduced  in  the  same  manner.   If  a  sample 

tree  is  growing  in  an  area  that  deviates  from  the  average  density,  then  its  con- 
tribution to  the  standard  deviation  of  residuals  will  be  large,  and  the  effect  will 

persist  in  variation  of  predicted  diameter  increments.   However,  the  resolution  of  the 
overall  model  will  be  best  if  the  field  inventory  plot  design  and  the  plot  design 
of  the  growth  studies  are  as  similar  as  possible  and  both  designs  are  capable  of 
reflecting  local  conditions  that  affect  tree  growth. 
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APPENDIX  II 

Data  Input  for  Program  TREM0D1 

Codes  for  species,  habitat  type,  etc.,  are  defined  in  a  BLOCK  DATA  subroutine  that 
can  be  readily  modified.   Definitions  and  units  for  other  variables  such  as  the  index 
age  for  site  only  need  to  agree  with  the  corresponding  variables  used  in  the  growth 
models . 

Data  cards  needed: 

#1  5  2)  The  stand  information  format  cards.  These  will  contain  the  format 
(enclosed  in  parentheses)  needed  to  read  in  the  variables  on  card  #7. 

#3  5  4)  The  tree  record  format  cards.  These  will  contain  the  format  (enclosed  in 
parentheses)  needed  to  read  in  the  variables  on  card  #8. 

#5)  Contains  the  following  variables: 

Variable  Columns     Type  and  format 

NPLT  8-15  Alphanumeric   2A4 

NCYC  16-18  Integer  13 

IY(J)  19-21,22-24,    Integer  array 
2013 

definition 

Stand  identification 

Maximum  number  of  cycles 

The  excess  of  the  calendar  year  over  1900 
for  successive  projection  cycles  for 
J=l,. .. ,NCYC+1.   1900  +  1Y(1)  =  year  of 
initial  inventory. 

#6)   Contains  the  following  variables: 

Variable  Columns     Type  and  format  Definition 

ALPH         8-15    Alphanumeric  2A4     Stand  identification 

CTN(J)    16-20,21-25,  Real  array   11F5.0  Residual  stand  density  to  be  left  after 
thinning  at  the  start  of  each  projection 
cycle.   (If  CTN(J)  equals  or  exceeds  the 

stand  density,  no  thinning  will  be  per- formed. ) 
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#7)   Contains  the  following  variables 
data  cards  #1  and  2: 

to  be  read  in  under  the  format  provided  on 

Variab le 

SI 

S2 

1F0R 

IBLK 
I  CRT 
ISBCPT 
I STAND 

S3 

IS0 

S4 

I  BAP 

S5 

IPT 

ITYPE 

S6 

I  AREA 

IPC 

S7 
S8 
S9 

lELEV 

SIO 
Sll 

il  S12 
11 

I ISL0PE 

f lASPCT 

S13 

er 
ii lOt  ,! 

til!   I 

Type 

Alphanumeric 

Alphanumeric 

Integer 

Integer 
Integer 
Integer 
Integer 

Alphanumeric 

Integer 

Alphanumeric 

Integer 

Alphanumeric 

Integer 

Integer 

Alphanumeric 

Integer 

Integer 

Alphanumeric 
Alphanumeric 
Alphanumeric 

Integer 

Alphanumeric 
Alphanumeric 
Alphanumeric 

Integer 

Integer 

Alphanumeric 

Definition 

Space  holder^ 

Space  holder 

Forest 

Block 

Compartment 
Subcompartment  [ 

NPLT  on  card  #5 
ALPH  on  card  #6 

Stand 

Space  holder 

Stand  origin 

Space  holder 

Basal  area  factor  for  variable  radius  plots 

Space  holder 

Number  of  points  sampled  in  stand 

Habitat  type 

Space  holder 

Total  stand  area 

Photo  interpretation  class 

Space  holder 
Space  liolder 
Space  holder 

Elevation  in  100 's  of  feet  above  sea  level 

Space  holder 
Space  holder 
Space  holder 

Slope,  scaled  0  to  9 

Aspect,  scaled  0  to  8 

Space  holder 

^Space  holders  have  been  inserted  in 
lesignated  on  USDA  Forest  Service  form  RI- 

the  read-list  to  include  all  the  fields 
2410  (5/72)  . 
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Case  3 

A  stand  tallied  at  a  set  of  16  points.   At  each  point,  trees  less  than  3  inches 
d.b.h.  are  recorded  on  a  1/256  acre  plot.   Trees  greater  than  or  equal  to  3  inches 

d.b.h.  are  tallied  on  a  variable  plot  established  by  an  angle  gauge  having  a  basal-area 
factor  of  40  square  feet/tree.   Then: 

FPA  =  256. 
BRK  =  3.0 
BAF  =40.0 

established  by  recompiling  BLOCK  DATA 

on  card  #7 

Then: 

established  by  recompiling  BLOCK  DATA 

IPT  =  16 

IBAP  =  0 

Case   4 

All  trees  are  tallied  on  10  fixed-area  plots  of  1/5  acre 

FPA  =  5.  (Reciprocal  of  1/5  acres) 

BRK  =  9999. 

IPT  =  10  on  card  #7 

Case  b 

iMot  sizes  and  numbers  vary  from  stand  to  stand,  but  all  trees  are  tallied  on  the 

same  sized  plot  at  any  one  sample  point.   Then: 

established  by  recompiling  BLOCK  DATA 
FIW   = 

1. 

BRK   = 
9999  . 

IPT   = 

SAMPR 

1. 

n 
a 

on  card  #7 

t=l 

where  a.   equals  the  area  in  acres  of  each  of  the  n   sample  plots  in  the  stand. 

Furthermore,  if  the  sampling  probability  changes  arbitrarily  from  tree  to  tree  in 

the  stand,  PROBfl)  on  card  type  #8  can  be  set  to  the  reciprocal  of  the  sampling 
probability  for  that  tree.   In  this  way,  it  is  possible  to  accommodate  virtually  any 

sampling  design  including  3-P  samples. 
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ABSTRACT 

In  a  survey  of  1, 189  egg  masses,  number  of  eggs  was 
found  to  be  closely  related  to  length  and  width  of  mass. 

Size  of  mass  differed  significantly  among  three  host  spe- 
cies—  Douglas-fir,  subalpine  fir,  and  grand  fir  from 

northern  Idaho.  Predictive  tables  and  regression  equa- 
tions were  developed  for  estimation  of  egg  numbers  for 

each  host  species,  as  a  step  in  the  process  of  forecasting 

subsequent  budworm  populations. 



INTRODUCTION 

Predictions  of  population  trends  are  essential  for  determining  the  potential  of 
itbreaks  of  western  spruce  budworm  (Charts toneur a  oooidentalis    [Freeman]  Lepidoptera: 
jrtricidae) .   Egg  mass  density  is  commonly  used  as  an  indicator  of  subsequent  larval 
jpulations,  and  has  two  advantages  over  other  insect  stages:   their  immobility  and 
leir  availability  in  late  summer,  so  that  population  predictions  can  be  made  in  time 
)r  planning  of  suppression  programs. 

Predictions  of  budworm  populations  from  surveys  of  the  number  of  egg  masses  have 
en  made  for  many  years  and  most  have  been  fairly  accurate.  Failures  have  occurred, 
specially  in  Montana  and  northern  Idaho.  Terrell  (1961)  was  concerned  that  egg  mass 

ize  might  affect  the  accuracy  of  predictions  in  Douglas-fir  forests  of  Montana  east 
f  the  Continental  Divide.  He  created  a  regression  for  estimating  the  number  of  eggs 
;r  mass  based  on  length  of  masses,  but  did  not  consider  the  effect  of  mass  width. 

In  recent  years  budworm  infestations  have  developed  in  the  mixed  host  stands  of 
ibstem  Montana  and  northern  Idaho.   Efforts  to  predict  trends  in  these  forests  have 
;)t  been  very  successful.   Differences  in  egg  mass  characteristics  on  the  various  host 

j:ees,  the  subject  of  this  paper,  may  explain  at  least  in  part  the  failure  of  the  surveys, 

Blais  (1953)  states,  "When  spruce  budworm  populations  reach  the  point  where  all 
le  current  year's  growth  is  destroyed  prior  to  the  completion  of  the  larval  stage, 
le  number  of  eggs  per  surviving  female  adult  decreases,  and  that  fecundity  increases 

'pin  as  populations  decline  to  the  point  where  defoliation  of  the  current  year's 
:owth  is  not  complete."  Miller  (1957)  found  that  the  difference  between  mean  eggs 
;r  mass  for  light  and  severe  infestations  was  significant.   McKnight  (1971)  feels  that 

1  Colorado  high  densities  of  eggs  may  foretell  decreasing  population  trends.   He 
imits  the  critical  egg  density  separating  decreasing  and  increasing  populations 
jmains  unknown.   McKnight  (1969)  found  significant  differences  in  egg  mass  size  by 
iar  and  between  plots.   All  of  the  above  suggests  that  egg  mass  size  could  be  a  good 
idicator  of  the  place  of  a  given  infestation  in  the  epidemic  cycle. 

Egg  masses  vary  by  length  and  width  and  consequently  by  the  number  of  eggs  con- 
i^ined  (Bean  1961;  Miller  1957;  Terrell  1961;  McKnight  1969).   McKnight  (1969)  reported 

Aat  egg  mass  sizes  fluctuated  widely  in  Colorado.   He  developed  regressions  for  esti- 
;iting  numbers  of  eggs  by  width  and  length  of  masses  for  inland  Douglas-fir  (Faeudotsuga 
nnziesii   var.  glauoa    [Beissn.]  Franco)  and  white  fir  {Abies   concolor    [Cord,  and  Glend.]). 

1    Variation  in  numbers  of  eggs  per  mass,  and  the  distribution  and  abundance  of  masses 
\\   the  different  host  trees  need  to  be  considered  in  the  refinement  of  prediction 

Jirveys .   This  paper  presents  information  on  the  size  of  masses  and  number  of  eggs  per 

:iiss  for  the  three  most  prevalent  host  trees  in  northern  Idaho:  inland  Douglas-fir, 
;and  fir  {Abies  grandis    [Dougl.]  Lindl.),  and  subalpine  fir  {Abies   lasioaarpa   [Hook.] 
kt.). 



METHODS 

Egg  masses  were  collected  from  the  Nezperce  National  Forest  in  1968  and  1969.  Th« 
1968  collections  were  from  randomly  selected  infested  Douglas-fir  and  grand  fir  trees. 
Four  trees  were  felled,  and  egg  masses  were  collected  throughout  the  crown.   In  additic 
branch  samples  from  top,  middle,  and  lower  portions  of  the  crown  were  obtained  from  22 
randomly  selected  trees  by  means  of  pole  pruners .   The  1969  collections  were  from  20 

fixed  1/5-acre  plots  established  in  four  different  areas  of  the  Nezperce  National  Fore; 
All  trees  of  the  three  host  species  were  sampled  on  each  plot.   Two  branch  sections 
about  36  inches  long,  or  full  branches  if  less  than  36  inches,  were  removed  from  top, 

middle,  and  lower  thirds  of  the  crown  at  least  every  third  day  throughout  the  egg-layii 
period,  to  obtain  a  representative  sample  over  time. 

Prior  to  hatch,  egg  masses  were  removed  from  the  branches.   The  length  of  each  ma5 
was  measured  in  millimeters,  and  the  width  was  measured  in  number  of  rows  of  eggs.  The 
eggs  then  were  counted.   To  check  the  accuracy  of  egg  counts,  masses  were  placed  in 
containers  and  allowed  to  hatch  as  described  by  Bennett  and  Eidt  (1968) .   Second-instai 
larvae  in  their  hibemacula  and  unhatched  eggs  were  counted  after  hatching  was  com- 

pleted. The  total  of  larvae  plus  unhatched  eggs  was  compared  to  the  original  egg  coun1 
There  was  little  difference  in  the  counts  by  the  two  methods,  indicating  that  either 
could  be  used. 

The  number  of  eggs  per  egg  mass  was  expected  to  be  closely  related  to  the  area  of 
needle  occupied  by  the  mass.   The  following  model  was  postulated: 

N  =  boL^^R^^e  (1) 

where 

N  =   number  of  eggs  in  the  egg  mass 

L  =   length  (in  millimeters)  of  the  egg  mass 

R  =   width  (in  number  of  rows)  of  the  egg  mass 

e  =  a  lognormally  distributed  random  disturbance 

b^ybiyb^  =   coefficients  to  be  estimated 



le  coefficients  representing  powers  of  length  and  width,  bi   and  &2>  were  not  restricted 
D  unity,  but  were  expected  to  sum  to  nearly  2.   Significant  departure  of  the  sum  from 
would  indicate  increasing  or  decreasing  density  of  eggs  with  mass  size,  owing  to 
lange  in  egg  size  or  orientation.   Logarithmic  transformation  rendered  the  model 
inenable  to  fitting  by  linear  regression  methods.   It  had  the  added  advantage  of 
;abilizing  the  variance  about  the  regression  surface.   After  transformation  the  linear 
3del  was: 

j  In  N  =   In  bQ   +  b^    In  L   +  b2    In  R  +    In   e  (2) 

nere 

In  Z  =  natural  logarithm  of  X 

'\e   bias  inherent  in  using  this  model  to  estimate  mean  number  of  eggs  per  egg  mass  has 
ben  discussed  by  Bradu  and  Mundlak  (1970)  and  others.-^   Experience  with  tree  volume 
inuations  (Schumacher  and  Hall  1933;  Meyer  1941)  where  variance  about  regression  is  of 

■le  same  order  as  this  has  shown  such  bias  to  be  small.  The  data  were  separated  into 
iree  groups  based  on  host  species:  subalpine  fir,  grand  fir,  and  inland  Douglas-fir. 
()variance  analysis  was  used  to  test  hypotheses  concerning  differences  in  regression 
jiirameters  between  host  species.   Confidence  limits  for  the  true  mean  logarithm  of  egg 
limber  conditional  on  given  length  and  width  of  egg  mass  were  estimated  with  the  formula 
jLven  by  Draper  and  Smith  (1966,  p.  121).  Differences  in  egg  mass  size  by  locations 
uthin  the  tree  crown  were  tested  for  statistical  significance  by  analysis  of  variance 

ad  by  Scheffe's  test  for  multiple  comparisons. 

j    ̂Tlie  bias  is  the  difference  between  the  mean  and  the  median  in  the  conditional 
Istribution  of  egg  numbers  per  egg  mass. 



RESULTS 

A  total  of  1,189  egg  masses  were  examined,  and  the  data  summarized  (Appendix 
table  2) .   The  analysis  of  covariance  first  tested  the  hypothesis  that  there  is  no  rea! 

difference  between  species  in  the  "slope"  coefficients  (pi   and  ̂ 2)  of  the  linear  regre: 
sion  model.   This  hypothesis  was  retained  at  the  95  percent  confidence  level.   In  othe: 

words,  the  idea  that  there  is  no  real  difference  in  slopes  between  species  was  accepte( 
Next,  the  hypothesis  that  there  is  no  real  difference  in  levels  (intercept  values) 
between  species  was  tested  and  rejected  at  the  99  percent  confidence  level.  That  is, 
there  is  a  significant  difference  in  levels  between  species.  The  analysis  of  covariani 
is  shown  in  Appendix  table  1.   A  regression  of  the  general  form  of  equation  (2)  was 
fitted  to  the  pooled  data  with  common  slopes  for  all  species,  but  separate  intercept 
estimates  for  each  species.   From  this  it  was  apparent  that  the  primary  difference  in 

intercepts  was  between  Douglas- fir  on  the  one  hand,  and  the  true  firs  on  the  other. 
The  intercept  estimates  for  grand  fir  and  subalpine  fir  differed  only  in  the  fourth 
decimal  place,  which  led  to  a  difference  of  less  than  one  hundredth  of  1  percent  in 
predicted  number  of  eggs  per  egg  mass.  After  pooling  data  for  the  true  firs  the  final 
regression  was: 

In  N  =  bia.i   +  1-120-2   +  h^    In  L   +  L\   In  R 

where 
ci 

1  if  the  host  is  a  Douglas-fir 

0  otherwise 

1  if  the  host  is  a  grand  fir  or  subalpine  fir 

0  otherwise 

bi  =  0.289447 

&2  =  0.246109 

^3  =  1.146134 

bit  =  0.933577 



'he  standard  error  of  residuals  (■?;,. ;r)  fc)r  this  regression  was  0.2196  and  the  coeffi- 
•.ient^  of  determination  (/?2)  was  0.9963,   The  equation  for  predicting  number  of  eggs  per 
igg  mass  is  then: 

// A  L 

b,^. 

i'here 

1,33569  if  the  host  is  a  Douglas-fir 

1.27904  if  the  host  is  a  grand  fir  or  subalpine  fir 

b.^,h^^   =    1.146134  and  0.933577,  as  above. 

hese  data  show  correlation  (r  =  0.47)  between  In  R   and  In  L.      The  regression  equation 
elating  the  two  variables  is: 

In  L  =  0,717299  +  0,963401  In  R 

hich  leads  to  the  relation 

L   =   2.0489  H^-^
^^^ 

\o   put  it  simply,  length  of  an  egg  mass  in  millimeters  is  nearly  twice  its  width  in  egg 
ows .   The  fact  that  the  exponent  of  R   in  the  equation  above  is  nearly  unity  shows  that 
f\e   general  shape  of  egg  masses  does  not  change  a  great  deal  with  an  overall  change  in 
gg  mass  size. 

Inference  concerning  changes  in  egg  density  with  changes  in  egg  mass  size  can  be 

rawn  from  the  sum  of  exponents  for  R   and  L.^     The  variance  of  the  sum  (£13  +  bi^)    can 
3   calculated  from  the  appropriate  elements  of  the  inverse  moment  matrix  obtained  in 
agression: 

var  (^3  +  b^)    =     S^        ic2^+  oi,^   +  2  Cj^) 

=   0.04822    (0.0046729    +   0.0203953    -    2 

=   0,000728367 

0.00498156; 

id 

,,  SE[b-i   +  ̂4)    =   0.02699 
!i 

hw  "Student's"  t   statistic,  appropriate  to  test  the  hypothesis  that  C^3  +  bi^)    =   2,  can 
f   calculated  by: 

f  =    (^^  +  ̂'')    -  2   _  (1.1461344  +   0.9335768)  -  2  ̂   ̂   qr 

SEib^   +  b^)      ~  0.02699  " 

I    ̂ The  high  coefficient  of  determination  was  partly  the  result  of  fitting  the 
agression  through  the  origin.   The  regression  actually  explained  91.18  percent  of  the 
^riation  in  logarithms   of  egg  numbers  that  could  not  have  been  explained  by  the  mean. 

'    ̂ Econometricians  often  use  this  technique  to  check  for  increasing  or  decreasing 
turns  to  scale  in  the  Cobb-Douglas  production  function  (Mansfield  1970). 



Therefore  the  hypothesis  can  be  rejected  at  the  1  percent  level,  with  the  conclusion 
that  egg  density  does  increase  slightly  with  increases  in  egg  mass  size. 

Appendix  tables  3  and  4  give  the  predicted  number  of  eggs  per  egg  mass  of  given 
dimensions  according  to  host  species.   Ninety-five  percent  confidence  limits  for  the 
true  number  of  eggs  given  egg  mass  dimensions  are  also  shown.   Figures  1  and  2,  for 
inland  Douglas-fir  and  the  true  firs,  respectively,  show  number  of  eggs  plotted  over 
egg  mass  length  for  several  different  egg  mass  widths.  The  figures  also  show  95  percent 
confidence  limits. 

Analysis  of  variance  failed  to  show  any  significant  difference  in  length  of  masses 
collected  from  top,  middle,  or  lower  crown  position  of  Douglas-fir  or  grand  fir.   There 
was  a  significant  difference  at  the  95  percent  level  for  length  of  mass  by  crown  positio 
from  subalpine  fir.  No  difference  was  detected  for  width  of  mass  by  crown  position  froni 
any  of  the  three  species. 
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DISCUSSION 

Length  of  egg  masses  varied  from  1  to  18  mm.   Average  length  for  all  species 

]')oled  was  7.28  mm.   Egg  masses  collected  from  subalpine  fir,  as  an  average,  were 
mger  than  those  collected  from  the  other  two  host  species  (Appendix  table  2J . )| 

!j   The  average  width  of  all  the  egg  masses  examined  was  3.42  rows;  87.3  percent  were 
rither  three  or  four  rows  wide,  5.7  percent  were  two  rows  wide,  and  5.8  percent  were 
ive   rows  wide.   Only  13  of  the  1,189  egg  masses  had  but  one  row  of  eggs.   A  single 

ips  containing  six  rows  was  collected  from  grand  fir. 

Egg  masses  on  balsam  fir  {Abies  balsamea    [L.]  Mill.)  in  New  Brunswick  as  reported 

ll'  Miller  (1957)  generally  had  two  rows  of  eggs  and  a  range  in  length  of  2-9  mm.   Bean 
1961)  found  in  the  Lake  States  that  spruce  budworm  egg  masses  on  balsam  fir  are  gener- 
c ly  two  or  three  rows  of  eggs  wide,  with  a  length  of  from  2  to  10  mm.   Sixty-four 
ircent  of  the  masses  he  examined  were  from  2  to  5  mm.  long,  whereas  in  northern  Idaho 
i    percent  of  masses  were  longer  than  5  mm.   From  our  work  and  that  of  McKnight  in 
C lorado  (1969)  it  is  obvious  that  egg  masses  of  the  western  spruce  budworm  have  a 
jeater  range  in  size  and  consequently  in  number  of  eggs.   The  average  size  of  the 
nsses  also  appears  to  be  larger  in  the  West.   The  average  eggs  per  mass  in  northern 
laho  was  as  follows:   all  species  pooled,  42.45;  subalpine  fir,  50.27;  grand  fir, 

3.69;  and  Douglas-fir,  43.97.   Egg  masses  collected  by  Terrell  (1961)  from  the  Douglas- 
ijr  forests  of  Montana  averaged  42.0  eggs  in  1959  and  40.8  eggs  in  1960.   Lindsten  and 
^ight  (1951)  estimated  the  average  egg  mass  in  western  Oregon  to  contain  from  40  to  50 
egs.   The  average  number  of  eggs  per  mass  in  Colorado  ranged  from  23.6  to  31.9  during 

tie  period  1959-65  (McKnight  1969).   In  New  Brunswick,  Miller  (1957)  found  the  number 
c!  eggs  per  mass  averaged  15.7  in  severe  infestations,  and  18.5  in  lightly  infested 
aeas . 



The  predicted  egg  numbers  of  Terrell  (1961)  for  masses  on  Douglas-fir  in  Montana 
are  about  equal  to  the  northern  Idaho  predictions  for  three-row  egg  masses  4-6  mm.  long 
from  Douglas-fir.   He  predicted  more  eggs  than  we  do  for  all  lengths  of  one-  or  two-row 
wide  masses,  and  for  three-row  wide  masses  with  lengths  longer  than  7  mm.;  but  consid- 

erably fewer  eggs  for  all  lengths  of  masses  four,  five,  or  six  rows  wide.  The  real 

difference,  if  any,  between  Terrell's  predictions  and  ours  is  obscure,  as  he  pooled 
all  widths  of  masses  to  generate  a  single  regression.   McKnight  (1969)  did  produce 
separate  estimates  by  widths  of  mass,  but  did  not,  in  each  case,  separate  data  by  host 

tree  source--Douglas-fir  and  white  fir.  McKnight's  predictions  for  one-row-wide  masses 
on  Douglas-fir  were  consistently  less  than  ours,  but  his  predictions  for  such  masses 
on  white  fir  are  about  equal  to  ours  for  subalpine  fir-grand  fir  for  lengths  1-8  mm., 
and  are  reasonably  close  for  lengths  9-20  mm.   His  prediction  for  two-row  masses  on  a 
combination  of  white  fir  and  Douglas-fir  falls  within  the  confidence  limits  of  our 
prediction  for  two-row-wide  masses  collected  from  subalpine  fir  and  grand  fir.   Pre- 

dicted egg  numbers  for  three-row  and  four-row  masses  on  either  Douglas-fir  or  white 
fir  in  Colorado  are  consistently  less  than  on  Douglas-fir  or  subalpine  fir-grand  fir 
in  northern  Idaho.   This  difference  increases  as  the  length  of  masses  increases.   The 

calculated  mean  lengths  for  three-row  and  four-row  masses  from  northern  Idaho  Douglas- 
fir  are  similar  to  those  calculated  from  Colorado. 

The  prediction  tables  presented  are  from  northern  Idaho  data,  but  unpublished  data 
indicate  they  can  be  used  in  southern  Idaho  and  western  Montana.  They  should  be  tested 
against  field  collected  egg  masses  before  being  accepted  for  use  in  other  areas.   It 

may  be  necessary  to  develop  tables  for  egg  masses  from  Douglas-fir  in  eastern  Montana. 
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APPENDIX 

,'able  1  .--Analysis  of  oovarianae  of  regression  statistics 

Source 
Degrees  of 
freedom 

Sums  of 

squares 

Mean 

square 
pecies  separate  total  1180 

ifference  for  testing  slopes  4 

ame  slopes  1184 

ifference  for  testing  levels  2 

ommon  1186 

56.6598 

0.433 

57.0928 

0.4965 

57.5893 

0.10825 

or  test  of  difference  in  slopes:   F^/^^g^  ̂ P  =  o_o480168  ̂   ̂-^^"^"^ 
0.24825 

or  test  of  levels  (assuming  common  slopes):   ^2/1184  DF  "  0  0482203 

0.0480168 

0.10825 

0.0482203 

0.24825 

0.0485576 

-  5.1482** 
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Table  2. --Mean   lengthy  width ,   and  number  of  eggs  of  western  spruce  budworm  egg  masses ^ 
by  host  species 

Egg  mass  variable 

Number  of  rows  wide 

Number  of 

egg  masses 
Mean 

SUBALPINE  FIR 

(84  samples) 

3.63 

Standard 

deviation 

0.62 2-5 

Number  of  eggs 50.27 22.74 

Length  (mm.) 
2  rows  wide 
3  rows  wide 
4  rows  wide 
5  rows  wide 

Number  of  rows  wide 

Number  of  eggs 

Length  (mm.) 
1  row  wide 
2  rows  wide 
3  rows  wide 
4  rows  wide 
5  rows  wide 
6  rows  wide 

8 45 
1 2 0 

34 8 59 
44 8 43 
5 9 0 

GRAND  FIR 

(545 

samples) 

8 

31 185 
264 
56 

1 

3.18 
0.0 
3.65 
2.77 
2.35 

3.61 0.81 

9.69 22.52 

6.67 2.88 
2.0 

0.76 

3.13 
2.20 

5.87 2.52 
7.54 2.72 

7.79 2.41 0.0 0.0 

1-6 

Number  of  rows  wide 

DOUGLAS- FIR 
(560  samples) 

3.21 0.61 
1-5 

Number  of  eggs 43.97 24.85 

Length  (mm.) 
1  row  wide 
2  rows  wide 
3  rows  wide 
4  rows  wide 
5  rows  wide 

Number  of  rows  wide 

7 
69 5 1 40 

36 
3 36 

364 7 76 
147 8 

72 

8 9 38 

ALL SPECIES 

(1189 

samples) 

3.31 

1-18 

0.55 1-2 1.71 
1-8 

3.11 

2-18 

3.12 

2-16 

2.77 

4-13 

3.42 0.74 1-6 

Number  of  eggs 42.45 23.83 

Length  (mm.) 
1  row  wide 
2  rows  wide 
3  rows  wide 
4  rows  wide 
5  rows  wide 
6  rows  wide 

13 68 

583 
455 
69 

1 

,28 
,77 
,24 

,21 

8.01 
8.06 

10.0 

3.14 

1-18 

0.72 1-3 
1.93 

1-12 

3.11 
2-18 

2.90 

2-16 

2.48 

2-17  • 

0.0 lO-lO  0 
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.Table   3 . - -Pvedioted  number  of  western  spruce  buiworm  eggs  per  mass,    inland  Douglas- 
fir,    northern  Idaho 

Length 
(mm. ) 

Predicted 
number  of  eggs 

Confidence  limits  (95  percent) 
Lower  limit     :    Upper  limit 

MASSES  ONE  EGG  ROW  WIDE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

1.34 
2.96 

4.70 
6.54 
8.45 

10.41 
12.43 
14.48 
16.57 
18.70 
20.86 
23.05 

25.26 
27.50 
29.76 
32.05 
34.35 
36.68 
39.02 
41.39 
43.77 
46.16 

1.25 
2.78 

4.41 
6.12 
7.89 

9.70 
11.55 
13.43 

15.35 
17.28 
19.25 
21.23 
23.24 
25.26 
27.30 
29.36 
31.43 
33.52 
35.62 
37.74 

39.87 
42.01 

1.43 
3.15 

MASSES  TWO  EGG  ROWS  WIDE 

2.55 
5.65 
8.99 

12.50 
16.14 

19.89 
23.73 
27.66 
31.65 

35.72 

39.84 
44.02 
48.25 
52.52 
56.85 

61.21 

2.42 
5.44 
8.71 

12.13 

15.65 

19.27 

22.95 
26.70 

30.50 
34.35 
38.24 
42.17 
46.15 

50.16 
54.20 

58.27 

5, 
6, 

9, 
11. 02 

99 

05 

18 

13.37 
15.61 
17.90 

20.23 

22.60 
25.02 
27.46 

29.94 

32.45 
34.98 
37.55 
40.14 
42.75 

45.39 

48.05 
50.73 

2.69 

5.86 

9.28 
12.88 

16.64 
20.53 
24.54 

28.65 
32.86 
37.14 
41.51 

45.94 

50.44 

55 .  00 
59.62 
64 .  30 

17 65.61 62.38 69.02 
18 70.06 66.51 73.79 

19 74.54 
70.67 78.61 

20 79.05 74.85 83.48 
21 83.60 79.06 88.39 

22 88.17 83.30 93.33 

(continued 
next 

page 

) 
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Table  3.  (con.) 

Length 
(imn. ) 

Predicted 
number  of  eggs 

Confidence  limits  (95  percent) 
Lower  limit     :     Upper  limit 

MASSES  THREE  EGG  ROWS  WIDE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 

3.73 
8.24 

13.12 
18.25 
23.56 
29.04 
34.65 
40.38 
46.22 
52.15 
58.17 
64.27 
70.45 
76.69 

83.00 
89.38 
95.81 

102.29 
108.83 
115.42 
122.06 
128.74 

3.51 
7.93 

12.74 
17.82 
23.10 

28.51 
34.02 
39.61 
45.28 

51.01 
56.80 
62.65 
68.55 
74.51 
80.51 
86.56 
92.65 
98.78 

104.96 
111.17 
117.41 
123.69 

3.95 
8.58 

13.51 
18,68 

24.04 
29.58 
35.30 

41.17 
47.18 
53.32 
59.57 
65.93 
72.39 
78.94 
85.57 

92.28 
99.07 105. 

112. 
119, 

93 
85 

84 
126.89 
134.01 

MASSES  FOUR  EGG  ROWS  WIDE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 
21 
22 

4.87 

10.78 
17.16 
23.87 
30.82 
37.99 
45.33 
52.82 
60.46 

68.22 
76.09 
84.07 
92.15 

100.32 
108.58 
116.91 
125.32 
133.81 
142.36 
150.98 
159.67 
168.41 

4.55 
10.27 

16.51 
23.11 
29.97 

37.05 
44.28 

51.65 
59.13 
66.70 
74.36 
82.09 
89.89 
97.76 

105.69 
113.67 
121.72 
129.81 
137.96 
146.15 
154.39 
162.68 

5.22 11.33 
17.85 
24.65 

31.70 
38.95 46.40 

54.02 
61.82 

69.77 
77.87 
86.10 

94.47 
102.95 

111.54 
120.24 
129.04 

137.93 
146.91 
155.97 
165.12 
174.34 

(continued  next  page) 



Table  3.  (con.) 

Length 
(mm. ) 

Predicted 
number  of  eggs 

:      Confidence  limits  (95  percent) 
:       Lower  limit     :    Upper  limit 

MASSES  FIVE  EGG  ROWS  WIDE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 

6.00 

13.28 
21.14 
29.40 
37.96 
46.79 
55.83 
65.06 
74.46 

84.02 
93.72 

103.55 

113.49 
123.56 

133.72 
143.99 
154.35 
164.80 

175.34 

185.95 
196.65 
207.42 

5.55 
12.52 
20.12 
28.15 
36.52 
45.14 
53.98 
63.00 
72.17 

81.48 
90.90 

100.43 
110.05 
119.76 
129.56 
139.43 

149.37 
159.38 

169.45 
179.59 
189.78 
200.03 

MASSES   SIX    EGG   ROWS   WIDE 

7.11 
15.75 
25.06 

34.85 
45.01 

55.47 
66.19 
77.13 

88.28 
99.61 

111.11 
122.76 

134.55 
146.48 

158.54 
170.71 

6.53 
14.70 
23.62 

33.05 
42.86 

52.99 

63.37 
73.97 
84.76 

95.72 
106.83 

118.08 

129.44 
140.92 
152.50 
164.18 

6.49 

14.10 
22.21 

30.69 

39.47 48.49 

57.74 
67.19 

76 .  83 

86.64 
96.62 

106.76 
117.05 

127.47 
138.02 
148.70 
159.50 
170.41 
181.42 

192.54 
203.76 
215.08 

7.76 

16.87 26.59 

36.75 
47.26 

58.06 
69.13 
80.43 
91.94 

103.66 

115.56 
127.63 
139.87 

152.26 
164.81 
177.49 

17 182.99 175.96 190.31 
18 195.38 187.81 203.25 19 207.87 199.75 216.32 
20 220.46 211.76 229.51 
21 233.14 223.85 242.81 
22 

1 
1 

245.90 236.00 256.22 
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Table  4. --Predicted  rmmber  of  western  spruce  budworm  eggs  per  mass,   grand  fir  and 
subalpine  fir,    northern  Idaho 

Length 
(mm.) 

Predicted 
number  of  eggs 

Confidence  limits  (95  percent) 
Lower  limit     :    Upper  limit 

MASSES  ONE  EGG  ROW  WIDE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 
16 
17 

18 
19 

20 
21 
22 

1.28 
2.83 
4.51 
6.27 
8.09 
9.97 

11.90 
13.87 
15.87 
17.91 
19.97 
22.07 
24.19 
26.33 
28.50 

30.69 
32.90 
35.12 
37.37 
39.63 
41.91 

44.21 

1.19 2.64 

4.20 
5.82 

7.50 

9.22 10.97 
12.76 
14.58 

16.42 
18.28 
20.16 
22.07 
23.99 
25.93 
27.88 
29.85 

31.83 
33.83 
35.84 

37.86 
39.89 

1.37 
3.03 
4.84 

6.74 
8.73 

10.79 12.90 

15.07 
17.28 

19.53 
21.82 
24.15 
26.51 

28.91 
31.33 
33.78 

36.25 
38.76 
41.28 
43,83 
46.40 
48.99 

MASSES  TWO  EGG  ROWS  WIDE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 

2.44 
5.41 

8.61 
11.97 
15.45 

19.05 
22.73 
26.48 

30.31 
34.20 
38.15 

42.15 
46.20 
50.30 
54.43 

58.61 
62.83 
67.09 

71.37 
75.70 
80.05 

84.43 

2.32 

5.21 
8.31 

11.56 
14.91 

18.33 
21.83 
25.38 

28.99 

32.64 
36.34 
40.08 
43.85 

47.66 

51.50 
55.37 

59.27 
63.20 
67.15 

71.12 
75.12 
79.15 

2.57 

5.61 
8.91 

12.39 
16.02 
19.78 
23.66 
27,63 

31.69 

35.84 40.05 

44.33 
48.68 

53.08 
57,54 
62.05 

66.61 
71.21 
75.87 
80,56 
85.30 
90.07 

(continued  next  page) 
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Length 
(mm. ) 

Predicted 
number  of  eggs 

Confidence  limits  (95  percent) 
Lower  limit     :    Upper  limit 

MASSES  THREE  EGG  ROWS  WIDE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

3.57 
7.89 

12.56 
17.47 
22.56 
27.81 
33.18 
38.67 
44.26 
49.94 
55.70 
61.55 
67.46 

73.44 
79.48 
85.58 
91.74 
97.95 

104.22 
110.53 
116.88 
123.28 

38 

63 
12.25 
17.11 
22.14 

27.27 
32.50 
37.80 

43.18 
48.62 
54.12 
59.58 
65.29 
70.95 
76.66 
82.41 
88.20 
94.03 
99.90 

105.81 
111.75 
117.72 

3.76 
8.17 

12.89 

17.84 

23.00 
28.35 
33.88 
39.56 

45.37 
51.30 

57.34 
63.47 
69.70 
76.02 
82.41 
88.89 
95.43 

102.04 
108.72 
115.46 

122.26 
129.11 

MASSES  FOUR  EGG  ROWS  WIDE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

4.67 
10.33 
16.44 
22.86 
29.52 
36.38 
43.41 
50.58 
57.90 
65.33 
72.87 
80.51 
88.24 
96.07 

103.97 
111,95 
120.01 
128.13 
136.33 
144.58 
152.90 

161.27 

4.39 

9.90 15.93 
22.29 
28.89 
35.68 
42.61 

49.64 
56.77 

63.97 
71.25 
78.60 
86.02 
93.50 

101.04 

108.64 
116.29 
123.99 
131.75 
139.54 
147.39 
155.28 

4.96 
10.77 
16.96 
23.44 

30.15 

37.08 
44.22 
51.54 
59.05 
66.71 
74.52 
82.46 
90.52 

98.70 
106.98 
115.37 
123.85 
132.41 

1 4 1 . 06 
149.80 

158.61 
167.49 

(continued  next  page! 
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Table  4.    (con.) 

Length 
(mm. ) 

Predicted 

number  of  eggs 
Confidence  limits  (95  percent) 

Lower  limit     :    Upper  limit 

MASSES  FIVE  EGG  ROWS  WIDE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 

5.75 

12.72 
20.24 

28.15 

36.35 
44.80 
53.46 
62.30 

71.30 
80.46 

89.74 
99.15 

108.68 
118.32 
128.05 
137.88 

147.80 
157.81 

167.90 
178.07 
188.31 

198.62 

5.36 
12.08 

19.42 
27.18 

35.25 

43.56 
52.06 

60.72 
69.52 
78.43 
87.44 

96.54 
105.73 
115.00 
124.34 
133.76 

143.24 
152.78 

162.38 

172.04 
181.76 
191.53 

6.16 
13.39 
21, 
29, 10 

15 

37.49 

46.08 
54.90 
63.92 
73.14 
82.54 

92, 101, 11 
84 

111.71 
121.72 

131.87 
142.13 
152.52 
163.01 
173.61 
184 

195 

30 

09 

205.98 

MASSES  SIX  EGG  ROWS  WIDE 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 

6.81 
15.08 
24.00 

33.37 
43 53 ,10 

11 

63.38 

73.86 
84.54 

95.39 
106.40 

117.55 
128.85 

140.27 
151.81 
163.47 
175.23 

187.09 
199.05 

211.11 
223.25 
235.47 

6.30 
14.20 
22.81 

31.92 
41.39 

51.15 
61.15 
71.36 
81.74 
92.26 

102.93 

113.71 
124,60 
135.60 
146.69 
157.86 
169.12 
180.45 
191,86 
203.34 
214.89 
226.50 

7,37 16.01 
25.25 
34.89 
44,88 
55.15 
65.68 
76.45 

87.43 
98.61 

109.98 
121.53 

133,24 
145.10 
157,12 

169.27 
181.56 

193.98 
206.52 
219.17 
231.94 
244,81 
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Headquarters  for  the  Intermountain  Forest  aacl 

Range  Experiment  Station  are  in  Ogclen,  Utah. 
Field  Research  Work  Units  are  maintained  in: 

Boise,  Idaho 

Bozeman,     Montana    (in   cooperation   with 
Montana  State  University) 

Logan,     Utah    (in    cooperation    with     Utah 
State  University) 

Missoula,     Montana    (in    cooperation   with 
University  of  Montana) 

Moscow,    Idaho   (in    cooperation   v/ith    the 
University  of  Idaho) 
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ABSTRACT 

First-year  survival  of  four  coniferous  species,  Douglas-fir 
(Pseudotsuga  menziesii  var.  glauca  (Beissn. )  Franco),  Engel- 
mann  spruce  (Picea  engelmannii  Parry),  grand  fir  (Abies  grandis 
(Dougl. )  Lindl. ),  and  western  larch  (Larix  occidentalis  Nutt.)> 
was  determined  for  3  consecutive  years  in  northern  Idaho.  Trees 

were  planted  on  three  dates  during  the  fall  and  on  three  dates 

during  the  spring.  Each  planting  was  on  both  a  north  and  a  south 

aspect  to  permit  comparisons  of  differing  moisture  stress.  Sur- 
vival of  spring-planted  trees  was  generally  better  than  that  of  fall 

plantings.  Fall  planting  results  were  more  variable  and  appar- 
ently more  influenced  by  species,  planting  date,  and  aspect  of  the 

planting  site.  Some  probable  causes  for  differences  are  dis- 
cussed, together  with  practical  implications  to  planting  programs. 



INTRODUCTION 

Spring  has  been  the  preferred  season  for  planting  coniferous  forest  trees  in  the 
horthem  Rocky  Mountain  area  for  many  years.   Prior  to  1940,  no  distinct  preference  for 
any  particular  season  was  apparent.   Following  publication  by  the  USDA  Forest  Service 
of  survival  comparisons  between  plantations  established  in  the  fall  and  the  spring  over 

a  27-year  period,  preference  shifted  sharply  to  spring  planting  (Schopmeyer  1940)  .  ■^ 
This  summary  showed  a  long-term  advantage  of  spring  planting  that  averaged  7  percentage 
points  for  western  white  pine  (Pinus  montiaola   Dougl.)  and  10  for  ponderosa  pine  {Pinus 
t)onderosa   Laws.).  Although  not  as  well  represented  in  the  compilations  as  western  white 
and  ponderosa  pine,  similar  results  were  observed  for  western  larch  (Larix  oocidentalis 

Mutt.),  Engelmann  spruce  {Pioea  engelmannii   Parry),  and  interior  Douglas-fir  [Pseudotsuga 

"nenziesii   var.  gtauaa    (Beissn.)  Franco). 

Fall  planting  again  became  a  substantial  part  of  the  reforestation  effort  in  the 

late  1950 's  and  early  1960 's.  An  expanding  planting  program  made  it  desirable  to  spread 
aursery  and  planting  efforts  over  more  time.   An  even  more  important  consideration 
is  the  late  spring  accessibility  of  many  remote  and  high  elevation  planting  sites. 
A/here  access  is  blocked  by  snow,  spring  planting  is  either  delayed  until  long  after  the 
planting  area  itself  is  free  of  snow  or  extra  expenses  must  be  incurred  to  get  to  the 
site  in  early  spring. 

I     ̂ Schopmeyer' s  results  were  based  on  the  gross  performance  of  many  operational 
'plantings  throughout  the  northern  region--not  on  designed  test  comparisons. 



Recently,  the  advisability  of  fall  planting  in  other  western  forested  regions  has 

been  questioned  (Stone  1963,  1964;  Stone  and  Benseler  1962;  Stone,  Schubert,  Benseler, 
and  others  1963),  but  it  has  also  been  stoutly  defended  (Wagener  1964).   In  the  northerr 

Rocky  Mountain  area,  the  question  continues  to  be  privately  debated,  with  little 

consensus  of  opinion.   Schopmeyer' s  results  are  inadequate  for  guiding  the  present-day 
planting  program.   More  information  is  needed  on  Engelmann  spruce,  Douglas-fir,  grand 
fir  (Abies  grandis    (Dougl.)  Lindl.),  and  western  larch.   Since  Schopmeyer  published, 
planting  stock  production  has  shifted  from  the  Savenac  Nursery  in  western  Montana  to 

the  Coeur  d'Alene  Nursery  in  Idaho  where  the  growing  season  is  longer  and  stock  can  be 
lifted  earlier  in  the  spring.   Many  nursery  practices  have  changed  since  the  1910-1937 
period  on  which  Schopmeyer  based  his  conclusions.  Of  particular  note  was  the  change 
to  early  spring  lifting  and  cold  storage  of  stock,  a  practice  begun  at  Savenac  about 
1936.   Prior  to  that  time,  stock  was  lifted  just  ahead  of  spring  planting  regardless 
of  its  state  of  dormancy. 

The  study  reported  in  this  paper  was  designed  to  evaluate  the  relative  merits  of 

spring  and  fall  planting  of  Douglas-fir,  Engelmann  spruce,  grand  fir,  and  western  larch 
at  high  elevations  in  northern  Idaho.   In  addition  to  broad  comparisons  of  the  perform- 

ance of  spring-  and  fall-planted  trees,  we  sought  further  insight  by  planting  at  various 
dates  within  the  fall  and  spring  seasons,  on  both  moist  and  dry  sites. 



METHODS 

Description  of  Study  Sites 

Field  planting  was  done  on  two  areas  on  the  St.  Joe  National  Forest  near  Avery, 
shoshone  County,  Idaho.   Most  planting  was  done  at  Cougar  Creek,  about  6  miles  south  of 

Wery,  at  an  elevation  of  approximately  5,000  ft.   Here,  the  north-facing  moist  site 
las  an  average  slope  of  approximately  45  percent.   The  dry  site  test  on  an  opposing 
slope  in  the  same  subdrainage  has  a  southwest  aspect  and  a  slope  of  30  percent.   Tliis 
irea  was  logged  in  1965  and  burned  by  wildfire  in  July  of  1966  just  before  the  first 
fall  planting.   The  original  stand  was  a  mixture  of  Engelmann  spruce,  western  larch, 

5ubalpine  fir  {Abies    lasiocarpa   (Hook.)  Nutt.),  Douglas-fir,  lodgepole  pine  [Pinus 
yontorta   Dougl.  var.  murrayana   (Grev.  5  Balf.)  Engelm.),  western  white  pine,  and  western 

redcedar  {Thuja  pliaata   Donn) .   The  moist,  north-facing  slope  is  representative  of  the 
l^huja/Pachistima   habitat  type  and  the  drier  southwest  slope  of  the  Abies    lasiooarpa/ 

'ierophyllim   habitat  type  [Daubenmire  and  Daubenmire  1968)  .   On  each  planting  site,  there 
Is  a  residual  of  standing  fire-killed  trees.   Soils  on  the  Cougar  Creek  area  are  derived 
From  quartzitic  and  argillaceous  rock  of  the  Belt  series  and  surface  admixtures  of  loess 
ind  volcanic  ash. 

!     During  the  third  year  of  the  study,  because  of  lack  of  space  in  the  Cougar  Creek 

irea,  planting  was  shifted  southwest  2-1/2  miles  to  a  divide  between  Sisters  and  Webfoot 
Greeks  at  an  elevation  of  5,200  ft.   Here,  the  dry  site  has  a  south  exposure,  a  45- 
jercent  slope,  and  the  Abies    lasioaarpa/Xerophyllum   tyjie.   The  moist  site  has  a  north 

3xposure,  a  50-percent  slope,  and  the  Thuja/Paahistima   type.   Soils  on  both  sites  are 
decomposed  granites,  with  surface  admixtures  of  loess  and  volcanic  ash.   This  area  was 

logged  in  1965.   The  south  exposure  was  slashed  and  prescribe-burned  in  1966.   The  north 
slope  was  treated  similarly  in  1967.  The  first  and  second  fall  plantings  in  1968  were 
Dn  the  Webfoot  area,  but  heavy  snows  made  it  necessary  to  use  the  Cougar  Creek  area  for 

the  third  fall  planting.   The  first  and  second  spring  plantings  of  1969  were  on  the 
Vebfoot  area,  but  the  third  was  shifted  back  to  the  Cougar  Creek  area. 
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Planting:  Stock  and  Procedures 

Douglas-fir,  Engelmann  spruce,  grand  fir  (2-0  stock),  and  western  larch  fl-0  stockj 
were  planted  on  each  of  three  dates  in  the  fall  and  in  the  spring  for  3  successive  years, 
(see  figure  1  for  specific  dates).   Fall  planting  commenced  on  or  about  September  15 
with  successive  plantings  about  October  1  and  October  15.   Spring  planting  dates  were 
more  variable,  beginning  as  early  as  May  14  and  as  late  as  May  26.   Approximately  2  weeks 

intervened  between  plantings.   Tliirty-f ive  trees  of  each  species  were  planted  about  4  ft. 
apart  in  adjacent  rows  up  and  down  the  slope.   Two  replications  of  the  species-row  plots 
were  established  on  each  site  and  planting  date. 

Fall-planted  trees  were  lifted  from  the  nursery  beds  and  planted  within  2  to  3  days. 
Trees  planted  in  the  spring  of  1967  and  1968  were  lifted  early  (late  March-early  April), 

packed,  and  stored  in  the  nursery  cold  storage  rooms  at  35''  F.  until  just  before  plant- 
ing. In  the  spring  of  1969,  trees  for  the  first  two  spring  plantings  were  lifted  on 

May  12  and  stored  until  planting  time.   Trees  for  the  last  spring  planting  in  1969  were 
lifted  fresh  from  the  nursery  beds  and  planted  within  2  or  3  days.   Most  of  the  1969 

spring-lifted  trees  were  in  some  stage  of  bud  burst  or  shoot  elongation  when  planted. 

'     Special  care  was  taken  at  all  times  to  avoid  heating  and  drying  of  the  planting stock.   Roots  were  wrapped  in  wet  burlap  before  placing  them  in  the  planting  bag.   Trees 
were  stored  in  the  shade  on  the  planting  site  prior  to  planting  and  the  kraft  paper 
polyethylene  bags  were  kept  closed.   No  drying  of  the  roots  was  observed. 

'     A  short-handled  planting  bar  was  used  for  all  planting,  which  was  done  either  by 
or  under  the  direct  supervision  of  the  senior  author. 

Measurements  and  Analysis 

Survival  was  determined  for  each  treatment  after  the  first  field  growing  season. 

Trees  were  simply  tallied  as  dead  or  alive.   No  attempt  was  made  to  determine  relative 
vigor  or  cause  of  mortality.   No  frost  heaving  or  animal  damage  was  observed  in  any 
planting. 

]     At  the  time  of  planting,  soil  moisture  samples  were  taken  at  the  0-  to  4-inch  level, 
the  4-  to  8-inch  level,  and  the  8-  to  12-inch  level  at  three  locations  within  each  block. 
Soil  moisture  percentages  were  determined  gravimetrically .   Moisture  retention  values 

at  one-third  and  15  atmospheres  were  determined  for  the  4-  to  8-inch  soil  level. 

Statistical  design  and  analysis  of  the  data  followed  the  procedures  used  in 
factorial  experiments. 



ENVIRONMENTAL  CONDITIONS 
DURING  THE  STUDY  PERIOD 

Weather  Factors 

No  weather  records  were  kept  on  the  planting  site  during  the  study  period.   Inste 
the  precipitation  and  temperature  records  from  the  Avery  Ranger  Station  (6  miles  north 

and  2,500  ft.  lower  in  elevation)  were  used  to  provide  a  year-by-year  comparison  of 
general  conditions  similar  to  those  at  the  planting  area  (fig.  1). 

Weather  during  the  1966  and  1967  fall  plantings  was  similar,  and  characterized  by 

relatively  sparse  precipitation,  some  rather  long  dry  spells,  and  high  temperatures. 

By  comparison,  the  1968  fall  planting  'veather  was  very  moist  and  temperatures  were  low 
Precipitation  during  the  1967  and  1968  spring  planting  seasons  was  fairly  abundant  and 
well  distributed.   Although  abundant,  precipitation  during  the  1969  spring  planting 

season  was  less  uniformly  distributed;  a  20-day  dry  spell  was  recorded  from  June  1  to 
Summer  weather  during  the  3-year  period  was  highly  variable.   The  summer  of  1967  featu 
one  of  the  longest  and  hottest  dry  spells  on  record,  climaxed  by  the  disastrous  Sundan 
and  Trapper  Creek  forest  fires  in  northern  Idaho.   The  relatively  moist  summer  of  1968 

had  only  one  drought,  a  23-day  period  during  which  less  than  one-fourth  inch  of  rain 
fell.  The  summer  drought  of  1969  was  as  severe  as  that  in  1967,  but  lacked  the  high 
temperatures  common  in  1967. 

Soil  Moisture 

At  no  time,  was  the  soil  moisture  in  the  4-  to  8-inch  zone  below  the  wilting  poin 
(21  percent)  when  trees  were  planted  (table  1) .   Soil  moisture  content  on  the  moist 

sites  was  always  10-40  percent  higher  than  on  the  dry  sites.   In  general,  there  was  a 
steady  increase  in  moisture  percentage  throughout  the  fall  planting  season. 



Table  I. --Soil  moisture  percentage    in   the   4-    8-inah    Imjer  at  planting   time  on  moirt   ami 
dry  sites    (wilting  point,    21   pepoent;   field  aapaoity ,    ̂ 0  pct'cent) 

Site 
Fall  plant 

ing 

Sprin g  planting Year First Second Third First 
Second Third 

rnoi 

nture  % 

1966-67 

Dry 

31 

29 
35 36 40 38 

Moist 43 49 53 52 52 

55 1967-68 

Dry 
26 

30 38 35 

40 44 

Moist 
41 

46 55 77 59 

64 

1968-69 

Dry 

35 
41 

36 

41 

30 
Moist 61 — 61 86 59 

43 

Soil  moisture  was  generally  10  to  20  percent  higher  in  tlie  spring  than  in  the  fall 
and  remained  relatively  stable  and  abundant  throughout  the  1967  and  1968  planting  season: 
The  moisture  content  declined  steadily  throughout  the  1969  planting  season  and  at  the 

time  of  the  last  planting,  reached  the  lowest  spring-season  value  measured  during  the 
study  period.   However,  2.41  inches  of  rain  was  measured  at  Avery  from  June  21  to 
June  29,  which  undoubtedly  brought  the  soil  moisture  up  to  field  capacity. 

oil' 
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Figure  2.  —  First-year  survival  of  fall-  and  spring-planted  Douglas-fir,  on  moist  (dark  bar)  and  dry  (light  bar) 
sites.  A.  1966-67  series;  B.  1967-68  series;  C.  1968-69  series;  and  D.  3-year  average. 
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RESULTS 

larl 

Douglas-rir 
For  the  3  study  years,  the  average  first-year  survival  of  spring-planted 

Douglas-fir  (fig.  2)  was  80  percent  compared  to  a  survival  of  60  percent  for  fall- 
planted  trees.   During  the  first  2  years  of  the  study,  1967  and  1968,  the  average 
differences  in  percent  survival  were  57  and  17  percent,  respectively,  above  those  of 
fall  plantings.   The  third  year,  however,  fall  plantings  survived  better  than  spring 
plantings  by  a  percentage  difference  of  17.   Undoubtedly,  the  scarcity  of  precipitation 
and  attendant  low  soil  moisture  (fig.  1)  in  early  June  1969  contributed  to  the  poor 
performance  of  these  spring  plantings.   In  addition,  much  of  the  stock  was  lifted 
and  planted  in  a  nondormant  condition  and  so  was  probably  predisposed  to  heavy  mortality 
(see  Methods) . 

Survival  of  Douglas-fir  planted  at  various  times  within  the  fall  planting  period 

was  highly  variable.   Survival  of  the  1966  fall  plantings  was  very  poor- -below  50 
percent--with  the  early  fall  planting  giving  the  best  results.   During  the  second  and 
third  years  of  the  study,  all  fall-planted  Douglas-fir  survived  well,  generally  above 
70  percent.   There  was  a  tendency  for  survival  to  decline  significantly  on  moist  sites 

as  the  planting  season  progressed,  but  no  significant  change  in  survival  was  detected 
for  later  fall  planting  dates  on  dry  sites. 

Douglas-fir  survived  well  within  the  spring  planting  season  regardless  of  planting 
:  date,  as  long  as  stock  was  lifted  early  and  stored  until  planting  time.   On  dry  sites, 

i  early  planting  resulted  in  a  tendency  (not  statistically  significant)  for  better  sur- 
vival; on  moist  sites,  survival  seemed  to  hold  up  well  regardless  of  planting  date. 
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Engelmann  Spruce 

The  average  first-year  survival  (71  percent)  of  spring-planted  Engelmann  spruce 
(fig.  3)  exceeded  that  (60  percent)  of  fall-planted  trees  over  the  3-year  study  period. 

;i  During  the  first  two  test  years  the  differences  favored  spring  planting  by  fairly  wide 

j  margins  (75  percent  compared  to  57  percent  for  the  1966-67  series  and  76  percent  com- 
\  pared  to  52  percent  for  the  1967-68  series) .   However,  during  the  third  study  year 
j!  survival  was  good  (70  percent)  for  fall-planted  trees,  but  survival  of  spring  plantings 
j was  reduced  (67  percent)  by  a  June  drought  and  some  nondormant  stock. 

Survival  variations  for  trees  planted  during  the  fall  season  were  large  compared 
to  variations  for  trees  planted  in  the  spring.   Survival  of  spruce  planted  early  in 
the  fall  on  either  moist  or  dry  sites  was  significantly  better  than  that  of  trees 

(Planted  later  (fig.  3D).   For  the  first  2  years  of  the  study,  the  survival  of  spruce 

i  declined  steadily  throughout  the  fall  planting  season.   In  1968,  survival  was  lower  for 
the  midfall  planting,  but  improved  slightly  for  late  plantings. 

The  survival  of  stock  planted  within  the  spring  planting  season  was  consistently 

I  high  and  relatively  unaffected  by  lateness  of  planting.   During  the  1966-67  and  1967-68 
i  series,  survival  of  spring-planted  trees  was  not  reduced  appreciably  by  planting  as 
j  late  as  June  19.   In  the  spring  of  1969,  when  some  nondormant  stock  was  planted  in 

I  relatively  dry  soil,  survival  decreased  as  planting  was  delayed.   On  the  dry  site, 
little  difference  was  recorded  between  the  survival  of  trees  planted  in  spring  or  fall 

(57  percent  and  54  percent,  respectively).   On  the  moist  site,  survival  was  benefited 
by  spring  planting  (86  percent  compared  to  63  percent  survival  for  fall  planting). 

11 
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Grand  Fir 

As  was  the  case  with  Douglas-fir  and  Engelmann  spruce,  the  average  survival  of 
spring-planted  grand  fir  (fig.  4)  was  greater  for  the  1966-67  (86  percent  compared  to 
33  percent)  and  for  the  1967-68  planting  (69  percent  compared  to  41  percent).   Fall 
planting  survival  was  superior  in  the  final  study  series  (72  percent  compared  to  57 

percent).  Survival  of  spring-planted  stock  was  more  consistently  satisfactory  both  from 
ithe  standpoint  of  year-to-year  results  and  of  results  recorded  during  a  given  planting 
season. 

Survival  variations  within  the  fall  planting  season  were  great  and  followed  trends 

similar  to  but  somewhat  stronger  than  those  for  Douglas-fir.  On  moist  sites,  best  sur- 
vival of  fall-planted  trees  was  achieved  by  the  early  plantings.   Survival  for  trees 

planted  in  the  middle  or  late  fall  decreased  significantly.  On  drier  sites,  the  trend 

f   ]was  in  the  opposite  direction,  late  fall  plantings  consistently  survived  better  (71 
ipercent)  than  the  early  (40  percent)  or  the  midfall  (46  percent)  plantings.   This 

reverse  trend  was  so  pronounced  that  the  dry-site  plantings  of  grand  fir  in  middle  and 
jlate  fall  consistently  survived  better  than  those  on  moist  sites. 

j     Spring  planting  of  grand  fir  was  consistently  satisfactory  within  the  spring 
planting  season,  except  for  the  late-season,  dry-site  planting. 
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Western  Larch 

Fall-  and  spring-planted  western  larch  (fig.  5)  survived  the  first  growing  season 
about  the  same  in  each  of  the  3  study  years  (average  fall  survival  34  percent,  average 

spring  survival  37  percent).   In  the  1966-67  series,  the  average  survival  of  spring- 
planted  larch  was  considerably  better  than  that  of  fall-planted  trees  (65  percent  com- 
ipared  to  24  percent).   However,  during  the  second  series,  trees  planted  in  the  spring 
jsurvived  as  poorly  (28  percent)  as  those  planted  in  the  fall.   In  the  final  series, 

Isurvival  of  fall-planted  larch  exceeded  that  of  spring-planted  trees  (47  percent  com- 
jpared  to  17  percent) ,  a  margin  nearly  as  great  as  that  in  favor  of  spring  planting  in 

the  1966-67  planting  series. 

The  m.ost  outstanding  feature  of  the  performance  of  western  larch  in  these  tests 

has  been  its  exceptionally  poor  survival  when  planted  prior  to  mid-October  (16  percent) 
compared  to  its  consistently  good  survival  when  planted  later  in  the  fall  season 

(74  percent).   The  best  average  survival  for  either  fall  or  spring  planting  resulted 

from  mid-October  plantings. 

Of  all  species  tested,  larch  was  the  most  sensitive  to  lateness  uf  spring  planting. 

Except  for  the  1967  spring  planting  on  the  moist  site,  survival  dropped  markedly  through- 
lout  the  spring  planting  season,  especially  on  the  dry  liabitats.   Larch,  unlike  other 
Ispecies  tested,  does  not  store  well.   It  tends  to  break  bud  in  cold  storage.   Once  the 

jbuds  break,  the  foliage  becomes  chlorotic  and  a  bad  mold  condition  commonly  develops. 

As  was  true  of  other  species,  differences  in  survival  between  dry  and  moist  sites 
were  not  as  great  for  fall  planting  as  for  spring  planting.   This  feature  of  the  results 

'was  further  accented  by  the  extremely  poor  average  survival  of  spring-planted  larch  in 
jthe  drier  habitat  (11  percent). 

15 



DISCUSSION 

It  must  be  emphasized  that  3  years  is  a  small  climatic  sample  from  which  to  draw 
valid  general  conclusions  or  recommendations.  On  the  other  hand,  3  years  of  results 

obtained  under  fairly  well  known  study  conditions  provide  a  better  basis  for  the  com- 
parisons of  planting  date  effects  in  northern  Idaho  than  was  previously  possible. 

Under  the  conditions  represented  in  this  study,  spring  plantings  have  had  an  ovei 

all  survival  advantage  for  all  species  tested.   In  one  of  the  3  test  years  (1968-69), 
this  general  advantage  shifted  slightly  from  spring  to  fall  planting,  which  resulted 
in  a  nonsignificant  F  test  for  the  effect  of  season  in  the  analysis  of  variance.  Aft< 

an  examination  of  the  long-range  weather  records,  we  believe  that  the  results  for  the 
1968-69  series  of  plantings  are  not  in  line  with  normal  long-term  expectations  because 
of  a  fortuitous  and  unusual  combination  of  climatic  occurrences.   The  1968  fall  plant 
ing  season  was  unusually  moist  and  cool,  which  probably  contributed  to  the  better  ove: 

all  survival  of  fall-planted  trees  (66  percent  compared  to  42  percent  the  previous 
2  years).   In  the  spring  of  1969,  the  20-day  June  drought  and  attendant  low  soil  mois 
ture  undoubtedly  contributed  to  a  reduction  in  the  survival  of  spring-planted  trees 
(50  percent  compared  to  72  percent  in  the  previous  2  years).   Similar,  but  less  sever 
spring  droughts  have  occurred  in  about  6  of  the  past  30  years.  Occurrence  of  both 
situations  the  same  planting  year  must  have  a  low  probability.   Use  of  some  nondorman 

stock  the  spring  of  1969  also  contributed  to  reduced  survival  of  spring-planted  stock 
Therefore,  we  feel  that  gross  comparisons  between  fall  and  spring  planting  for  the  fi 

2  years  of  the  study  are  probably  closer  to  long-range  expectations  than  comparisons 
of  averages  for  all  3  years. 

Regardless  of  how  it  is  computed,  the  average  survival  advantage  of  spring  plant 
has  been  considerably  greater  in  this  study  than  that  indicated  in  earlier  comparisor 
(Schopmeyer  1940).   This  difference  could  be  attributed  to  (a)  improved  handling  and 

consequent  better  survival  of  spring-planted  stock,  (b)  average  climatic  conditions 
during  our  study  period  that  did  not  approximate  average  climatic  conditions  during 

the  period  from  which  Schopmeyer 's  survival  averages  were  compiled,  or  (c)  a  narrower 

base  of  site  conditions  in  this  study  compared  to  Schopmeyer' s  summary. 
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While  these  gross  comparisons  favor  spring  over  fall  jil anting,  the  averages  for 
the  two  seasons  can  be  misleading.   Wide  variation  in  survival  percentages  occvarred 
within  the  fall  planting  season.   Survival  from  some  fall  plantings  exccedetl  average 
survival  from  spring  planting.   Notable  were  survival  percentages  for  early  fall-planted 
spruce  and  late  fall-planted  larch,  both  of  which  exceeded  the  average  survival  result- 

ing from  spring  planting  by  wide  and  fairly  consistent  margins.   This  wide  variability 
of  survival  results  within  the  fall  planting  season  suggests  that  much  of  the  perform- 

ance of  fall-planted  trees  depends  upon  their  physiological  condition  at  time  of 
lifting  and  planting,  as  well  as  the  environmental  conditions  at  the  planting  site. 
Changes  in  seedling  physiology  during  the  fall  season  are  not  visibly  as  spectacular 
as  those  of  the  spring.   Nevertheless,  profound  changes  do  occur  within  the  plant  as 
it  responds  to  shortened  photoperiods  and  cooler  temperatures  and  gradually  becomes 

more  and  more  dormant.   A  2-week  period  during  this  development  could  bring  about 
physiological  changes  that  would  radically  alter  tlie  ability  of  the  seedling  to  cope 
with  transplantation  and  the  conditions  of  a  new  environment.   Add  to  this  the  vari- 

able and  rapidly  changing  conditions  of  the  planting  site  environment.   The  result 
is  an  extremely  complex  set  of  interactions,  which,  because  of  our  limited  knowledge, 
defy  conclusive  explanation. 

In  contrast  to  the  situation  in  the  fall,  spring  lifting  and  planting  conditions 
are  somewhat  less  variable.   With  the  exception  of  part  of  the  1969  spring-planted 
material,  stock  was  lifted  prior  to  any  visible  bud  activity  and  placed  in  cold 
storage  until  shipped  and  planted.   The  cold  environment  of  the  stored  seedlings 
tended  to  inhibit  physiological  activities  of  the  seedlings  and  to  keep  them  in  a 

quiescent  condition  until  exposed  to  the  growth-promoting  environment  of  the  planting 
site.   Although  physiological  changes  do  occur  in  trees  in  cold  storage,  the  changes 
may  not  be  as  great  as  those  that  take  place  in  the  nursery  during  equivalent  time 

periods  in  the  fall.   Thus  we  feel  that  our  spring-planted  trees  were  more  uniform  in 
their  physiological  condition  than  the  fall-planted  seedlings. 

The  contrast  between  survival  of  western  larch  and  that  of  Engelmann  spruce  when 
planted  at  various  times  within  the  fall  planting  season  is  noteworthy.   Larch  could 

not  tolerate  lifting  and  planting  until  mid-October,  but  spruce  survived  best  when 
planted  in  mid-September.   Also,  larch  continues  to  grow  throughout  September  at  tiie 

Coeur  d'Alene  Nursery,  but  spruce  sets  winter  buds  in  late  August  and  early  September. 
The  increase  in  size  of  larch  stock  as  the  fall  planting  season  progressed  may  have 
contributed  to  its  better  performance,  but  we  feel  that  physiological  changes  between 
October  1  and  October  15  made  the  most  significant  contribution.   Threshold  photoperiod 

or  temperature  occurring  during  this  period  probably  triggered  dormancy  and  conditioned 
the  stock  so  that  it  could  be  lifted  and  planted  with  minimum  physiological  disturbance. 

As  in  most  coniferous  species,  the  earlier  bud  set  in  Engelmann  spruce  is  probably 
followed  by  increased  root  growth,  which  gradually  decreases  as  the  growing  season 

becomes  less  favorable.   Possibly,  spruce  seedlings  that  are  lifted  and  planted  in  mid- 
September  are  better  able  to  extend  their  root  systems  at  the  planting  site  than  are 

those  planted  later  when  the  fall  surge  in  root-growth  activity  is  declining.   A  seed- 
ling that  has  been  able  to  extend  its  root  system  in  the  fall  probably  would  have  a 

decided  survival  advantage  through  the  following  growing  season  and  subsequent  drought. 

The  reactions  of  Douglas-fir  and  grand  fir  to  planting  date  within  the  fall  plant- 
ing period  were  less  pronounced  than  those  of  Engelmann  spruce  and  western  larch.   On 

the  moist  sites,  both  Douglas-fir  and  grand  fir  tended  to  survive  best  when  planted 

early,  as  did  spruce.   On  the  dry  sites,  the  opposite,  larch- like  trend  seemed  to 
prevail,  especially  with  grand  fir.   This  curious  interaction  of  the  effects  of  planting 
time  and  aspect  upon  survival  may  result  from  different  environmental  factors  being 
limiting  on  the  two  aspects.   On  the  northerly  aspect,  declining  soil  temjieratures  may 
gradually  limit  fall  root  growth  and  reduce  the  survival  potential.   In  contrast,  soil 
moisture  could  be  the  limiting  factor  on  south-facing  sites. 
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CONCLUSIONS  AND 
RECOn/IMENDATIONS 

1.  In  planting  Douglas-fir,  grand  fir,  Engelmann  spruce,  and  western  larch 
throughout  the  fall  and  spring  planting  periods  in  the  northern  Rocky  Mountains,  bett 
survival  can  probably  be  expected  from  planting  in  the  spring. 

2.  If  fall  planting  is  deemed  necessary,  the  land  manager  is  advised  to  restric 
his  efforts  to  drier  habitat  types  typical  of  southerly  exposures.  Survival  on  those 
sites  is  apt  to  compare  more  favorably  with  that  of  spring  planting  than  does  that  on 

moist,  northerly  aspects.  In  making  the  choice  between  fall  and  spring  planting,  the 
land  manager  should  also  prorate  the  cost  of  gaining  access  in  the  spring  against  the 

amount  of  stock  to  be  planted. 

3.  Western  larch  should  not  be  fall-lifted  and  planted  before  October  15.  Unfo 
tunately,  this  recommendation  may  prove  to  be  impractical,  since  planting  can  be  halt 
by  persistent  snow  cover  in  northern  Idaho  mountains  soon  after  this  date.  Late  spri 
planting  of  western  larch,  especially  on  dry  sites,  is  not  recommended. 

4.  If  Engelmann  spruce  is  to  be  planted  in  the  fall,  it  should  be  planted  as  ei 
as  soil  moisture  conditions  permit.   Planting  later  than  October  1  could  seriously 
jeopardize  results. 

5.  Although  much  of  the  fall  planting  in  this  study  resulted  in  satisfactory  oi 

acceptable  survival  rates,  our  results  indicate  that  equivalent  stands  can  be  estab- 
lished at  less  cost  by  general  spring  planting. 
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6.  Fall  planting  of  species  mixtures  presents  special  dilemmas.   Because  of  ttie 

interaction  of  species  and  date  within  the  fall  planting  period,  one  cannot  expect  a 
given  planting  date  to  provide  good  conditions  for  all  species  in  a  mixture.   A  mixture 

of  spruce  and  larch,  for  instance,  would  have  to  be  planted  in  tvvo  separate  operations 
to  provide  reasonable  survival  of  both  species.   Spring  planting  would  minimize  such 
problems . 

7.  Under  the  conditions  of  this  study,  restrictions  against  planting  after  June  1 

seem  inappropriate,  except  for  western  larch.   For  Douglas-fir,  grand  fir,  and  lingelmann 
spruce,  spring  planting  of  stock  scored  as  long  as  11  weeks  and  planted  as  late  as 
June  19  gave  survival  results  equal  to  or  slightly  less  than  earlier  spring  plantings; 
however,  western  larch  was  particularly  sensitive  to  late  spring  planting,  especially 
on  the  drier  sites.   This  sensitivity  probably  resulted  largely  from  the  effect  of 
storing  on  larch,  a  species  that  tends  to  break  bud  and  commence  growth  under  storage 
conditions  that  maintain  physiological  quiescence  in  the  other  species  studied. 

8.  When  planting  must  be  done  during  times  that  have  been  shown  to  be  less 
favorable  than  others,  planting  rates  should  be  adjusted  (if  possible)  to  help  ]irovide 
plantations  of  desired  density. 
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Abstract 

A  method  is  presented  for  the  evaluation  of  the  heating  efficiency 
required  for  ignition  as  a  spreading  fire  closes  with  fuel. 

An  array  of  thermocouples  was  implanted  in  the  fuel  ahead  of  the 

fire  to  obtain  the  heat  absorbed  by  the  fuel  prior  to  ignition.  The  frac- 
tion absorbed  compared  to  the  total  that  would  be  absorbed  if  uniformly 

heated  is  the  effective  heating  number.  The  effective  heating  number 

is  represented  in  its  final  form  as  decreasing  exponentially  with  the 

reciprocal  of  the  surface  area-to-volume  ratio. 

The  spreading  fire  is  carried  in  a  regular  fuel  crib  array.  Two 

fuel  sizes  are  used  in  cross-sectional  dimension:  0.6  cm.  and  1.3  cm. 
Isotherms  are  generated  from  the  temperature  field  at  ignition  and 

presented  for  both  fuel  sizes  to  determine  heat  absorbed. 



Introduction 

J 

A  spreading  fire  is  a  series  of  particle-to-particle  ignitions  where  tlic  energy 
necessary  for  propagation  has  its  source  within  the  combustion  zone  where  particles 
are  undergoing  a  measurable  weight  loss  through  pyrolysis  (Fons  1946) .   These 
consecutive  ignitions  do  not  depend  on  uniformly  heated  fuel.   Frandsen  (1971) 
accounted  for  nonuniform  heating  ahead  of  the  fire  by  defining  the  effective  heating 
number. 

Fuel  particles  ahead  of  a  spreading  fire  (fig.  1)  receive  lieat  from  the  combustion 
zone,  which  increases  their  internal  energy.   Tlie  distribution  of  heat  witliin  similarly 
shaped  fuel  particles  at  ignition  is  dependent  on  the  following  factors:  location 

of  the  heat  source  and  heat  flow  through  the  surface;  surface  area-to-volume  ratio 
and  thermal  diffusivity  of  the  fuel.   A  moisture  gradient  can  also  play  a  major  role. 
Assuming  that  the  net  heat  flux  and  diffusivity  are  fairly  constant  and  that  tlic 

moisture  gradient  is  zero,  then  the  surface  area-to-volume  ratio  becomes  the  signifi- 
cant independent  variable.   Only  in  fine  fuels  (diameter  <1  mm.)  is  heating  unifomi. 

Larger  fuels  do  not  achieve  uniform  internal  temperatures  because  heat  impinging  on 
the  particle  cannot  diffuse  from  the  surface  at  a  rate  comparable  to  the  influx  of 

heat.   The  result  is  a  thermal  gradient  within  the  particle  that  may  leave  ttie  tenpera- 
ture  of  the  central  portion,  or  of  one  side,  relatively  unchanged,  depending  on 
whether  the  flow  of  heat  is  uniform  over  the  surface  or  unidirectional. 

Although  fire  spread  is  attributed  to  particle-to-particle  ignition,  the  interval 
between  ignitions  must  be  averaged  over  a  long  time  to  obtain  a  rate  of  spread 
representative  of  the  bulk  array.   The  average  rate  of  spread  can  then  be  related  to 

the  average  fuel  bed  properties.   If  a  constant  rate  of  spread  is  achieved,  the  cjuasi- 
steady  state  exists.   The  fuel  bed  can  then  be  represented  by  a  minimum  unit  fuel  cell 
that  has  all  the  characteristics  of  the  fuel  array  and  retains  its  usefulness  as  an 

elemental  unit  volume  in  applying  the  conservation  of  energy  (Frandsen  1971) . 





To  employ  the  concept  of  the  unit  fuel  cell,  the  individual  particle  view  must  be 
extended  to  the  array  within  the  unit  cell.   The  unit  cell  then  rejilaccs  the  particle 
as  the  heat  absorber.   Consequently,  attention  is  focused  on  the  heat  absorbed  per 

unit  volume,  PbQig.  rather  than  on  the  heat  absorbed  per  unit  ma"=s  by  the  indi\idual 
particle  where  p,  is  the  bulk  density  and  Q.   is  the  heat  of  preignition. 

In  the  unit  volume  concept  the  distribution  of  heat  within  the  particle  is  less 
important;  so  the  assumption  that  all  heat  is  uniformly  absorbed  to  a  ̂ i^'en  depth  in 
the  fuel  particle  (Thomas  1967)  is  an  equally  useful  concept.   Frandsen  (1971) 
extended  the  individual  particle  concept  to  the  fuel  array  by  introducing  effective 
bulk  density.   The  problem  is  now  resolved  to  the  efficiency  of  heatinp  the  unit  fuel 

cell  to  ignition.   The  heat  per  unit  volume,  PKQigj  ̂ s  necessary  to  brin;.',  the  unit 
cell  uniformly  to  ignition.   Therefore,  the  heat  per  unit  volume  for  ignition  at  non- 

uniform heating  is  cp^Qip)  where  e ,  the  effective  heating  number,  is  the  efficiency. 
The  unit  fuel  cell  is  not  restricted  to  regular  arrays.   In  field  conditions  where 
irregular  arrays  exist,  the  unit  fuel  cell  must  be  described  by  statistical  methods. 

The  following  brief  exposition  serves  to  show  how  t:  is  related  to  the  fire  spread 
model  developed  by  Rothermel  (1972). 

The  rate  of  fire  spread  through  a  fuel  array  dejiends  on  tlic  static  fuel  paraniet (.'l■^ 
3,  p  ,  and  Q.  ,  and  the  dynamic  source  function,  I^,  (Rothermel  1972).   The  static 

p       1  g  R 

parameters  are  related  to  the  absorption  of  energy  in  the  ]irci '^ni  t  i  on  phasL-,  whei'cas 
the  dynamic  source  function  is  related  to  tlic  combustion  zone.  Their  i-atio  le.uls  to 
the  rate  of  fire  spread  through  the  array: 

ePbQig    ̂ 6p  Q p^ig  (  1  I 

where  C  is  the  efficiency  of  converting  total  reaction  intcnsit\-,  1  ,  to  jiropa'.'.it  iii)', 
intensity,  I  --the  portion  of  intensity  driving  the  fire  (I'othcri'icl  l!i72). 

e   =  Effective  heating  number 

3    =  P.  /p  -   packing  ratio  =  volume  occupied/total  bulk  volume 

p,   =  Ovendry  bulk  density 

p   =  Ovendry  particle  density 

p  '    ̂ 

Q.   =  Heat  of  preignition,  the  lieat  per  unit  ovendry  mass  neccssar\-  to 
ignite  the  fuel. 

In  this  study,  the  effective  heating  number  was  related  to  the  sine  (surface  area-to- 
volume  ratio)  of  the  particles  making  up  a  regular  fuel  array  of  similarly  shajied 
particles.   All  other  variables  were  held  constant.   lor  convenience,  the  subscript  ]i 
has  been  dropped  from  p  for  the  remainder  of  the  paper.   Henceforth,  the  particle 
density  will  be  denoted  simply  as  p. 



Method  of  Analysis 

Fuel  cribs  were  used  in  this  investigation  because  of  the  relative  ease  of  con- 
struction and  instrumentation,  and  their  symmetry  relative  to  the  fire  front.  The 

thermal  gradient  within  the  particle  members  of  the  cell  must  be  obtained  to  determine 

the  heat  absorbed  up  to  ignition  by  the  unit  cell. 

The  unit  cell  reproduces  the  crib  by  consecutively  repeating  the  cell  in  all 
three  cartesian  coordinates.   Each  horizontal  layer  of  cells  was  alternately  shifted 
with  respect  to  adjacent  layers  to  obtain  a  more  uniform  array  (fig.  2). 

Ignition  takes  place  when  a  significant  portion  of  the  cell  undergoes  visual 
flaine  attachment.   At  ignition,  isotherms  are  constructed  from  the  observed  gradient. 
Through  symmetry,  these  isotherms  are  assumed  to  form  curvilinear  surfaces  that  are 
parallel  to  the  front  of  the  spreading  fire. 

The  heat  absorbed  between  adjacent  isotherms  is  calculated  and  summed  over  the 
area  of  the  isothermal  profile  to  determine  the  total  heat  absorbed.   The  total  heat 

absorbed  by  the  unit  cell  up  to  ignition  is  <^Vy,  where  2  is  the  nonuniform  heat  absorbed 
per  unit  volume  and  V  is  the  total  volume  of  the  unit  cell  including  the  unoccupied 
space.   The  equivalence  of  this  product  to  the  heat  absorbed  by  the  members  of  the 
unit  cell  is: 

^^u  ̂   ̂^^\   ""  ̂ ^^%'  f2) 



Hgure   2.--A  fuel  crib  showing   the  basic  unit   cell.      At    left  is    the   theptvoaouple  arrange- 
ment in   the    longitudinal  member  and  above   is    the   ai'Tangement  ifi   the   tra.nsver^sc 

■j    member.      The   cross -sectional  area  of  a  member  is  A   =  t'^  and  the  side  area   is 
I    B   =  *£,_,  where   t  is   the  member   thickness   and   I   is    the   spacing  on  centers  between 
\  fuel  members. 

'wo  identical  members  of  length,  I,    make  up  the  unit  cell.   Tliev  overlap  and  join  at 
:'ight  angles  (fig.  2).   Q  is  the  nonuniform  heat  absorbed  per  unit  ovendry  mass.   The 
V  and  B  subscripts  refer  to  the  transverse  and  longitudinal  members,  respectively.   A 

;omparison  standard  for  determining  the  effective  heating  number  was  established  In- 
issuming  uniform  heating  throughout  the  two  members  of  the  unit  cell. 

Thomas  and  Simms  (1963)  used  the  moist  fuel  specific  heat  and  the  temperature  I'ise 
0  ignition  to  determine  the  heat  necessary  to  bring  the  fuel  uniformly  to  ignition, 
have  employed  a  method  similar  to  that  used  by  Byram  and  coworkers  (19.S2),  with  two 



simplifications:    the  heat   of  desorption   is    ignored^    and   the  water   in  the    fuel    is 
assumed  to  be   completely  vaporized   at    100°   C.      A  temperature-dependent   dry   fuel    specific 
heat    (Dunlap    1912) , 

C^   =   Cq   +   C^T,  (3) 

is  used  in  place  of  the  constant  value  used  by  Byram  and  coworkers  (1952),  where: 

C  =  0.266 

C  =  0.00116. 

Both  members   of  the    cell   would  absorb   the   same  heat  per  unit   mass    if  the  unit    cell 
were   uniformly  heated.      For  example,    the  heat    absorbed  within   the   transverse  member 
would  be: 

II      =   V   n{fC    (100    -    T    )    +    f Q      +    [C_    +    C.     (T.       +   T    )/2](T.       -    T    )},  (4) 
A         Aw  a  ^w        *-   0  1        ig  a        -'      ig  a^    '  ^   -^ 

where: 

V.      =  Volume   of  transverse  member  of  unit    cell A 

f     =    Fractional    fuel   moisture   content    relative   to   its   ovendry  mass 

C        =  Specific  heat   of  water 
w  ^ 

C,      =  Specific  heat   of  ovendry    fuel 

T.      =    Ignition  temperature 

T        =  Ambient   temperature 

Q        =  Heat   of  vaporization   of  water, w 

Since  H      =   pV  Q     and  Qa    =  Qd   -  Q-      ̂ o^  uniform  heating,    the  heat   of  preignition A       A.  A.        Ad      J- £, 
per  unit  ovendry  mass  of  moist  fuel  rising  from  ambient  to  ignition  temperature  is: 

Q.   =  fC  (100  -  T  )  +  fQ   +  [C„  +  C,  (T.   +  T  )/2](T.   -  T  ).  (5) 
^ig     w        a     ^w    '-  0    1    ig    a   -■   ig    a 

Q^p  is  made  up  of  three  products:  the  heat  necessary  to  bring  fuel  moisture  to 
boiling  temperature,  the  heat  of  vaporization  of  fuel  moisture,  and  the  heat  necessary 
to  ignite  ovendry  fuel. 

The  amount  of  heat  nonuniformly  absorbed  by  the  unit  cell  is  calculated  stepwise 

throughout  the  fuel  member  by  using  isotherms  developed  from  the  thermal  gradient. 
There  are  two  equations  for  the  heat  absorbed  by  each  member  within  the  volume  bounded 

by  consecutive  isotherms:  one  for  Tq  <_   100°  C.  and  one  for  T  >  100°  C,  where  Tq  is 
the  minimum  isotherm.   Each  equation  consists  of  two  parts: 

1.   Heat  absorbed  by  all  area  elements  up  to  Tg ; 

^Heat  of  desorption  should  be  included;  however,  the  added  refinement  is  not 
justified  when  compared  to  the  overall  accuracy  of  these  measurements. 



2.      The   summation   of  heat    ahsorbcd   by   each    elemental    area    (A.    or   B,    bounded  l)y 

T.    ,    and  T.    up   to   T.    =  T.    1  .  ■'  ■' 

jFor  example,    the  Iieat   of  preigjiition    for   the   transverse   member    is: 

,    l=m 

Q^  =  Q     ■   ' 
+   ̂   ̂        A.[fC      +   C„    +    C,(T.    +   T    )/2](T.    -    T    ) 

1    ■^
^'^ 

+  -^  Z 
 

A.  (fC  
  
(100

   
-   T    )    +    fn 

^   j=m.l    -^        ̂^ 

where: 

Q^  =    [%  -c^   ̂ C^    f^o^  V/2](T^  -  y 

T      >    100°    C. 0 

1    '-
'' 

Qa  =  ̂2^  a;^^^[^o  *s  ̂ \,  -  v/^uT^  -y. 

f6b iWhere: 

'i  Q^    =    f[C      (100    -   T   )    +   0    ]    +    [C^    +   C      (T      +   T    )/2](T      -   T    ) I  2  w  a  ~w  0  1        o  a  o  a 
and, 

T.    =    (T.    ,    +   T.)/2 

j  J  1-1  J 

![  T.    <    100°   C.    for  j    -  m J 

T.    =    100°    C.     for   i    =   m J 

T.    >    100°   C.    for  j    >    m 

T.    =  maximum  average   temperature   of  A     for    i    =   n. 
3  t.  1  n  ■ 

The   value    for  Qg    is    obtained   by   applying   equations    (6al    and    (hh)    to   the    longitu- 
dinal  member   after  replacing   the   summing   area  A  witli    B.      Both    results    are   readily 

evaluated  by   using   a   simple    iterative   computer   program   to    sum   the   lieat    absorbetl   by 
each   elemental    area. 

"I 

Finally,    the    effective   heating   number,    e ,    is    evaluated   by    comparin'.;    the    ratio   of 

the   total   heat    absorbed  within  the   unit    volume,    p*'t'^(Qyi^  +   Q^J  ,    to   tlie   total    licat    that 
would  have   been   absorbed   had   the    unit    volujne   been   heated    uniformly   to    i.i;nition, 

2p£t2Q.g.        n-ius, i 



Technique 

A  unit  cell  from  the  upper  layer  was  instrumented  to  obtain  the  temperature  profile 
within  the  cell  members.  Two  fuel  sizes  were  used  (0.6  cm.  (1/4  inch)  and  1.3  cm.  (1/2 

inch))  in  square  cross  section.   Both  fuel  arrays  had  a  packing  ratio  of  0.08.  The 
packing  ratio,  3,  is  the  ratio  of  the  occupied  volume  to  the  total  volume  of  the  unit 
cell.   From  the  geometry  of  the  bed, 

B  =  til.  (8) 

The  horizontal  layers  lie  one  upon  the  other  and  are  alternately  shifted,  so  that 
identical  horizontal  members  are  spaced  4t  on  centers  below  each  other.   The  greatest 
separation  between  fuel  crib  members  is  in  the  horizontal  direction,  the  direction  of 

fire  spread.   From  equation  (8)  the  spacing,  I   dimension,  is  8  cm.  for  t  =  0.6  cm.  and 
16  cm.  for  t  =  1.3  cm. 

Equation  (8)  is  developed  from  the  unit  cell  shown  in  figure  2  and  applies  ex- 
clusively to  that  arrangement.   Intuitively,  the  rate  of  spread  is  dependent  on  both 

t  and  t,   but  a  simple  dependency  cannot  be  derived  by  substituting  8p  or  (t/Ji)p  into 
equation  (1)  for  p,  ,  since  I   is  also  dependent  on  B  in  a  less  direct  manner. 

The  instrumented  cribs  were  burned  under  controlled  (no-wind)  conditions  at  the 
Northern  Forest  Fire  Laboratory  (Rothermel  and  Anderson  1966) .   A  uniform  fire  front 

across  the  full  width  of  the  bed  was  obtained  by  igniting  alcohol-soaked  excelsior  in 
the  crib  spaces  at  one  end. 

Temperature  fields  within  the  members  of  the  unit  cell  were  obtained  from  5  mil. 

chrome 1-alumel  thermocouples  within  the  longitudinal  and  transverse  fuel  members 
(figs.  3  and  4).   (The  view  shown  above  the  fuel  array  in  figure  2  illustrates  how 
the  transverse  member  was  sectioned  to  implant  the  array  of  thermocouples.   Resorcinol 
glue  was  used  to  hold  the  parts  together.)  The  leads  immediately  adjacent  to  the 
junction  of  the  thermocouple  are  parallel  to  the  axis  of  the  transverse  member  for  at 



iramf~ I 
Fijiwe   2. — Instnimentecl  transverse  and  louLji  iLviinai.  /:<.-;    ///K-AX't-j-d  at 

appear  in   the  fuel  er-lh  array.      Fire  spread  is  from  the   left. 

theu 

least  0.6  cm.  before  coming  through  the  back  or  bottom  of  the  fuel  member.   Thus,  the 
junction  and  the  immediately  adjacent  leads  lie  in  an  isothermal  surface  minimizing 
heat  transfer  to  or  from  the  junction  along  the  leads.   The  temperature  field  is 
captured  by  simultaneous  measurements  at  the  moment  of  ignition.   (Tlie  scan  time  is 
extremely  short  compared  to  the  time  of  the  event.)   Since  only  a  limitctl  number  of 
thermocouples  could  be  placed  in  tlie  transverse  fuel  member,  the  highest  density  was 
concentrated  in  the  region  of  the  steepest  temperature  gradient,  the  upper  corner 

nearest  the  advancing  fire  (fig.  4).   Therefore,  isotherms  generated  from  the  temper- 
ature field  outside  the  upper  comer  are  less  reliable. 

Applying  the  same  instrumentation  procedure  to  the  longitudinal  fuel  member 
would  require  an  extensive  array  of  thermocouples  parallel  to  tliose  located  in  the 
transverse  members.   The  alternate  method  adopted  was  based  on  tlie  average  rate  of 
spread  of  the  thermal  wave  that  travels  along  the  longitudinal  member.   From  the 
average  rate  of  spread  it  is  possible  to  convert  temperature  variations  with  time 
to  temperature  variations  with  distance.   Thus,  it  is  only  necessary  to  determine  the 
temperature  variation  with  time  at  various  prescribed  vertical  depths  in  the  fuel 
member.   The  temperature  distributions  at  each  depth  can  be  interrelated  tlirough  tlie 
ignition  time.   Small  holes  were  drilled  to  varying  depths  from  the  bottom  (fig.  2). 

Chrome 1-alumel  thermocouples  were  inserted  the  full  depth  of  each  hole  and  plugged 
with  wooden  dowels.   There  is  no  appreciable  temperature  gradient  normal  to  the 
vertical  plane  determined  by  the  thermocouples.   The  velocity  of  the  thermal  wave  was 
obtained  by  superimposing  the  temperature  histories  of  the  two  top  thermocouples  and 
noting  their  shift  in  time  and  separation. 
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Figure  4. — Cross-seational  views  of  the  location  of  thermooouples  within  the  transverse 
and  longitudinal  members  of  the  unit  cell.  A  is  transverse  and  B  is  longitudinal. 
Thermocouple  positions  are  indicated  by   the   crosses. 

The   velocity  of  an   advancing  thermal   wave    in   the    longitudinal   member,    along  with 
the   rate  of  spread  of  the   fire,    is    tabulated  below.      The   packing   ratio  was   held   constant 
at   0.08. 

bi-ze 

(Cm.) 

0.6 

Velocity 

Fire  spread                     Thermal  wave 
  _ (Cm. /sec. )   

0.33 20.53* 

.6 ,33 

.53^ 

1.3 
,33 

1.40 

1.3 
.33 ,95 

The  discrepancy  between  the  rate  of  spread  of  the  fire  and  the  rate  of  spread  of 

the  thermal  wave  within  the  unit  cell  is  a  result  of  the  quasi-steady  character  of  the 
fire.   Viewed  at  close  range,  the  fire  appears  to  stop  at  each  transverse  member  and 
then  quickly  travel  down  the  longitudinal  member  to  the  next  transverse  member  where 

it  waits  again.   Viewed  from  a  distance,  the  average  rate  of  spread  draws  our  attention 
away  from  the  unsteady  motion  of  the  fire  on  the  microscale.   The  thermal  wave  is 
probably  more  representative  of  the  longitudinal  fuel  member  than  of  the  fuel  array. 

-*Values  obtained  from  adjacent  longitudinal  members  in  the  same  fire. 
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Results 

I     Isotherms  obtained  from  longitudinal  and  transverse  members  of  a  unit  cell  within 

the  fuel  array  are  shown  in  figures  5  and  6,  respectively.   Two  fuel  sizes  arc  repre- 
sented: 0.6  cm.  and  1.3  cm.   The  transverse  and  longitudinal  members  arc  analyzed 

jseparately;  no  attempt  is  made  to  merge  isotherms  because  no  temperature  data  arc 
-taken  in  the  region  of  the  connection.   Isotherms  in  tliis  region  are  extrapolations. 
Consequently,  the  isotherms  in  the  longitudinal  members  do  not  siiow  mas]<ing  by  the 
itransverse  member  near  their  intersection. 

i 
Areal  temperature  distributions  from  figures  5  and  6  were  used  in  ccjuations  (da) 

and  (6b)  to  obtain  the  nonuniform  heat  absorbed  by  the  individual  unit  cell  incmlicrs  u]i 

to  ignition  (table  1).   No  longitudinal  member  was  instrumented  during  tlie  i'irst  test 
at  the  0.6-cm.  sample  size;  however,  two  adjacent  longitudinal  members  were  insti-unicntc. 
in  the  second  test  at  the  0.6-cm.  sample  size. 

;i 

j     Because  final  results  are  limited  in  figure  7,  more  than  one  function  will  fit  the 
Idata.   However,  the  exponential  form, 
i 
j         e  =  exp  (-4. 53/a)  , i. 

is  favored  because: 

1.   The  data  lie  close  to  the  exponential  curve; 

I     2.   the  curve  point  (e=l,  1/a  =  0)  acts  as  a  constraint  on  the  possible 
,[         curves  that  can  pass  through  the  data  points;  and 

3.   the  region  of  the  curve  covering  small  particle  sizes  (near  <:  =  \)    cxiiiliits  a 
linear  relationship  with  l/o,  as  suggested  earlier  by  Thomas  fl967)  witli 
A  «  1/c. 

\lthough  data  are  confined  to  fuels  small  in  cross  section,  extrapolation  to  0.6  cm.  is 

dependable.   This  judgment  is  based  on  reasonable  results  ol)taincd  l)y  using  tlie  above 

exponential  relationship  in  Rothermel's  (1972)  fire  spread  model. 

I 
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Figure  5. — A  cross -sectional  view  of  isothermal  surfaces  within  the   transverse  member 
of  the  unit  cell  at  ignition.      Surfaces  are  parallel  to  the  average  combustion  zom 
front.      Each  member  is   identified  bu   test  number  for  reference   to  table  1. 
B  -  0.08. 

FIRE  VECTOR 

2-R 

2-L 

Scale: cm. 

Figure  6. — An  averaged  cross-sectional  view  of  isothermal  surfaces  within  the   longitu- 
dinal number  of  the  unit  cell  at  ignition.      Surfaces  are  -parallel  to  the  average 

combustion  zone  front.      Each  member  is  identified  by  test  nxmber  for  reference  to 
table  1.      6  =  0.08. 
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Table 1.--^/ 

fee 

tive  heat' 
'.ng   nwnhcr. 

Test       : Partic] Le   : 

'^A 

%         : 

\^%         : 
identification  : thickness  : 

1  . 

IK  '■ 

'^ijL 

t 

-  - -   - -Cal./g. - 

"0. 

.mL/;/. 

1 0.6 108 
l84* 

193 340 189 
0.51 

2-R 
.6 

94 
75 

169 
300 

164 
.52 2-L 

.6 
94 

71 
165 300 1(.4 

.50 
3 1.3 75 

19 
94 380 

216 
22 

4 1.3 
72 20 93 

330 183 
.25 

1 
Value  is  obtained  by  assuming  that  the  ratio  between  the  two  values  of  () 

specimens  is  equivalent  to  the  ratio  of  the  values  of  Q  where  the for  the  O.D-cm. 

known  Q  is  an  average  of  the  R  and  L  (right  and  left  of  transverse  memlDer)  values. 

Figure   7.--A  curve  of  z, 
the  effective  heating 
number^    versus   the  re- 

ciprocal of   a,  the 
surface  area-to- 
volume  ratio.      Since  a 
=  4/ty    the  abscissa  may 
he  viewed  as  one-fourth 
the  thickness  of  the 
particle. 

y<^. 

cm. 
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Conclusions 

Nonuniform  ignition  over  the  unit  cell  weakens  the  analysis.  This  effect  was 

minimized  by  choosing  a  small  unit  cell  (B=0.08).   Tlie  packing  ratio  here  is  represent- 
ative of  the  upper  range  of  packing  ratios  occurring  in  natural  fuels. 

The  heating  efficiency  required  to  bring  fuel  ahead  of  a  fire  to  ignition  as  it 
closes  with  the  fire  front  has  been  investigated.   Results  show  the  dependence  of  e, 
the  fractional  amount  of  the  bulk  density  effectively  brought  to  ignition,  on  the 

surface  area-to-volume  ratio  of  the  fuel  in  the  bed.   At  present,  these  data  provide 
the  only  means  for  evaluating  c. 

Structure  and  geometry  have  limited  the  number  of  sensing  devices  that  can  be 
installed  in  fuel  members  without  greatly  altering  the  measurement.   Therefore,  more 
thermocouples  were  placed  in  areas  of  greater  sensitivity  to  the  incoming  flux. 

Combined  results  from  the  temperature  profiles  of  the  longitudinal  and  transverse  fuel 
members  provide  a  measure  of  the  fractional  amount  of  the  bulk  density  that  is  involved 
in  the  ignition  process.   These  results  are  reasonably  sensitive  to  the  surface 
area-to-volume  ratio  of  the  fuel  member. 

14 
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Nomenclature 
Symbol  Definition  Units 

R  =  Fire   spread  rate  cm. /sec. 

I  =  Reaction   intensity--the   total    intensity  available 
from  the   combustion    zone   of  a   spreading   fire  cal ./cm.^-sec. 

I  =  Propagating   intensity--that   portion  of  the    reaction 
P  intensity  that   drives   the   fire  cal . /cm. ^-sec. 

5  =  V^R 

e  =  Effective  heating  number--the    fraction  of  the  bulk 
density  that   is   effectively  brought  to  ignition 

p,  =         Ovendry  bulk   density  g./cm.^ 

p  =  Ovendry  particle   density  g./cm.^ 

Q.  =         Heat  of  preignition--the  heat   necessary  to  bring 
^  a  unit   ovendry  mass   uniformly  to  ignition  cal./g. 

^  =  Nonuniform  heat    absorbed   per  unit   volume   up  to 
ignition  cal./cm.^ 

Q     =    Nonuniform  heat  absorbed  per  unit  ovendry  mass  for 
the  transverse  member  cal./g. 

Q     =    Nonuniform  heat  absorbed  per  unit  ovendry  mass  for 
the  longitudinal  member  cal./g. 

V     =    Unit  cell  volume  cm.^ u 

V.    =    t^S,--volume  of  transverse  member  of  unit  cell  cm.^ A 

t  =  Square  cross-sectional  thickness  of  unit  cell  member     cm. 

I  =  Length  of  unit  fuel  cell  member  cm. 

A  =  t^  cm. 2 

B  =  til  cm.  2 

3     =    Packing  ratio--the  ratio  of  occupied  volume  to 
the  total  bulk  volume  cm.^/cm.^ 

C     =    l--specific  heat  of  water  cal./g. -°C. w 

C,  =  ^0   '*'   C,T--specific  heat  of  dry  fuel                    cal./g. -°C. 

Cq  =  0.266                                              cal./g. -°C. 

C^  =  0.00116                                           (cal./g. -°C.)/°C 

T  =  Temperature                                         °C. 

T  =  Ambient  temperature                                  °C. 
T.    =    Ignition  temperature  C. 

ig 

f     
=    

Fractional  

fuel  
moisture  

content  
relative  

t
o
 
 

g-/g- its  ovendry  mass 

H     =    Heat  per  unit  dry  mass  absorbed  by  the  transverse 
member  of  the  unit  fuel  cell  uniformly  heated 
to  ignition  cal. 

Q     =    540--heat  of  vaporization  of  water  cal./g. 
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Headquarters  for  the  Intermountain  Forest  and 

Range  Experiment  Station  are  in  Oj^den,  lltah. 
Field  Research  Work  Units  are   maintained  in: 

Boise,   Idaho 

Bozeman,     Montana    (in    cooperation    with 
Montana  State  University) 

Logan,     Utah    (in    cooperation    with     UttUi 
State  University) 

Missf)ula,     Montana    (in    cooperation   with 
University  of  Montana) 

Moscow,    Idaho   (in    cooperation    with    tlie 
University  of  kUdio) 

Provo,    UtaJi  (in  cooperation  witli    I5ri;j,ham 
Vouni^  University) 

Reno,     Nevada    (in    cooperation    with     the 
University  of  Nevada) 







'   Vi; 






